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ETUDES SUR LES METHODES DE PREPARATION DE LA 
SELENOCYSTAMINE, SELENOHYPOTAURINEI 
ET SELENOTAURINE 


PicHAT, M. HERBERT et M. THIERS 
Molecules Marquées B.P 


0 May 1960 


Resume | 


EN vue de c rer les tabolismes roduits organique ufres et selenies, 1l 


nous a été e synthéti analogues séléniés de la cystamine, de l"hypo- 


taurine el 

Seule la ’-diamino ‘thyl diséléniure parait avoir déja 
ete synthetisee.’ La “sélen scleninique et la 
“sélénotaurine”™’ ou acide a notre 
connaissance, ete décrits dar léniés ont 
fait l'objet d'une importante et récente 

La matiere premiere choisie pour le présent e sélénocyanure de potas- 


sium." 


{ A) Séle nocyVStamine 


La méthode utilisée est celle de Coblentz lode o atoire a ete precise. 
Le sélénocyanure de potassiun -| phtalimido-2 éthane, dans 
l'acétone, selon® donnent le phtalimido-2 éthane sélénocyanure (Il). hydrolyse par 
la soude conduit au compose III lequel, chauffé avec l’acide cl lorhydrique concentré, 
fournit la (IV). II n'est pas nécessaire d’opeérer en tube scellé pour 
effectuer cette derni¢re opération 


La pureté de IV a été contrélée par analyse chromatographique. L’identité a été 


établie pal dosage jodomeétrique du groupement diséléniure et par analyse élémentaire. 


(B) Sé/énohypotaurine 

[Trois méthodes de préparation ont été explorées. Seule la premiere a donné de 
bons résultats. Les autres ne constituent que des modes de formation. 

* Preparations entreprises 4 la demande du service de 
V. Coblentz, Ber. Disch. Chem. Ges. 24, 2134 (1891) 
G. R. Waitkins et R. Shutt, /nore. Synth. 2, 189 (1946) 
* H. Brintzinger, K. Pfannstiel et H. Vogel, 7. Anorg. Allg. Chem. 256, 75 (1948). 
‘T. O. Soine et M. R. Buchdahl, Org. Synth. 32, 18 (1952) 
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Préparation de la sélénocystamine, sélénohypotaurine et sélénotaurine 


(1) Par oxydation de la “sélénocystamine”’. L’oxydation du groupement dis- 
éléniure R—Se—Se—R en acide séléninique R—-SeO,H peut étre effectuée au moyen 
de divers réactifs. Nous avons essayé les suivants sur le chlorhydrate de la sélénocysta- 
mine 

HNO, selon;*® il se forme un mélange de sélénohypotaurine (V) et de séléno- 
taurine (X) bien que IV ne soit pas enti¢rement oxyde. 

H,O, selon;*> on obtient le méme résultat. 

l‘eau de brome a froid; l’oxydation est quantitative. On élimine ensuite HBr 


12 forme H*. L’élimination de 


par passage sur une resine échangeuse Dowex 50 
HBr est indispensable, car V porté a sec en milieu acide se décompose et libere du 
sélénium. 

La “sélénohypotaurine”’ se comporte sur résine Dowex 50 comme I"hypotaurine."4 
La pureté du produit a été contrélée par chromatographie sur papier et l’identité 
établie par dosage iodométrique de la fonction seleninique et analyse élémentaire. 

(2) A partir de l'acide phtalimido-2 éthane se léninique (Vl). L’oxydation directe 
de II en acide phtalimido-2 éthane séléninique (VII) n’a donne qu'un rendement tres 
faible. VII a donc été préparé par une voie détournée, par l’intermédiaire de VI selon 
des techniques décrites dans.*:’ 

Aucune des méthodes connues d’élimination du groupement phtalyle n’a été 
satisfaisante. Le traitement a lhydrazine*® provoque la réduction de la fonction 
séléninique en diséléniure.® Le chauffage avec l’acide chlorhydrique détruit la molécule 


avec libération de sélénium. L’hydrolyse 4 chaud par la soude concentrée conduit 


finalement a un produit impur et tres instable 


(3) Par amination de l’acide chloro-2 éthane séléninique (1X). L’addition dune 
solution acétonique de sélénocyanure de potassium (1) au chloro-1 bromo-2 éthane, 
donne le chloro-2 éthane sélénocyanure (VIII) avec un rendement de 63 Lopéra- 
tion inverse préconisée par*® provoque la formation prépondérante du dis¢lenocyano- 
éthane. VIII a été oxydé en acide chloro-2 éthane séléninique (1X) selon 

L’amination de LX soit par lammoniac liquide soit pat l’"ammoniaque concentré 


n'a pas donné de résultats satisfaisants 


(C) Sélénotaurine 


L’oxydation des acides séléniniques R—SeO,H en acides sélénoniques R—SeO,H a 
été réalisée par divers réactifs.°° Nous avons iyé les procedes suivants pour 
l‘oxydation de la sélénohypotaurine en sélénotaurine (X) 

par KMnQ, en milieu alcalin selon; loxydation ne se fai ie partiellement, 
sans décomposition. En poussant l’oxydation la proportion de V diminue, mais (X) 
se décompose presque totalement. En milieu acide on obtient les memes résultats. 

par HNO, selon;’® nous avons eu les memes resultats 

par H,O, dilué selon;> nous avons pu observer la formation de traces de X. 
En milieu plus concentré, il y a décomposition 


L’oxydation du groupement diséléniure R--Se—Se—R en R—SeO;H peut ¢tre 
nk et R. A. Goertner, J. Ore. Chem. 5, 578 (1940) 
J. Amer. Chem. S , 520 (1926) 
r. Rec. Trav. Chim. Pavys-Bas 56, 501 (1937). 
J. Chem. Sov 
yrecht, Chem. Ber. 88, 666 (1955) 
Challenger. J. Chem. Soc. 572 (1942) 
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obtenue” par le chlore 4 50-60° dans le cas des produits séléniés aromatiques. 
Intermédiairement cette oxydation doit passer par le stade R—-SeO,H. Nous avons 
aussi appliqué cette méthode a IV et a V. Dans les deux cas l’oxydation se fait 
completement et X formé ne se decompose que faiblement. Un dosage de X, 


directement dans le milieu réactionnel, indigue un rendement de l’ordre de 75—80° 


e la taurine, la selénotaurine (X) est un produit acide. En effet, il n'est pas 
a résine Dowex 50 12 forme H Il est, au contraire, fixé par la résine 
forme OH Il est tres peu stable, méme en solution diluée, et se réduit trés 

Le dosag flectue | duction par HI en sélenocystamine. La 


ine formée ut etre ; losée par | rmet de confirmer le 


e ont 


reaquit 


XPERIMENTALI 


: 
Con 
hxe pal 4 
I 
faciieme 3 
premier dosage. Nos essais d’obtention de la sélénotaurine a l'état 
échoue. X porte a sec, sous vide a basse température, en présence de HCl. sc iam 
avec liberation de chlore Nous avons essayé er HC] pal mais X 
donne un sel d argent peu soluble dans cau et te rendement d tsolement est interieu! 
ao Par chr ilo iphie sur alumine le rendement est du méme ordre = ; 
Les traces de X que nou iVONS alnsi olees se presentent sous forme de cristaux : 
hlancs n anelan nt d , lonnant du sélénium et de | 
THA Cli UCK CS Ohh GU SeieniumMm et Ge a 
potaurine (V) 
Tal Ry 
P S raph 
| Phénol 80 
NH,OH 
Si ne 0-08 0-55 0-64 
SC tau 0-15 0-20 (-¢ 
; Hy 00 0.9 
rine 00 0-29 
( R esp r papier Whatman 
Les Af des soutre ceux ck 
Seler Prepare selon.? On mélar 24 0-3 M) de s 
en p ec 22 0-33 M KCN s 4 er 
: nhydre. On chass exces d Irique p j le CO, sec et filtre le precipite de 
K.CO tc \ | ‘ KSeC N ndement 
KSeCN precipite cris sont stables sec. OF SC cetonique pat 
argc Le rend est de YW Il est préférab tiiser directement cett SOLUTION 
d ims i< pes SUTV 
P nido-2 éthane sélenocvanu Il). Prepare selor 28 g (0-11 M) de phtalimido-2 bromo-! 
* Les pow de fusion o te d mn s au banc chauffant Kofler 
* Microa yses par Mr Duve 
j M. Stoecker et F. Krafft. Ber. D Chem. Ge 9, 2200 (1906 
“FE. Bricas, F. Kieffer et Cl. Fron ot, Biochim. Biopl icta 18, 358 (1955). 
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éthane* 


devient 
blancs 


I] est un 


On obtient 


2.45 


Analyse 


sont dissouts dans 50 cc d’acétone anhydre 
acetonique de KSeCN 0-65 
A la solution 


N 
froide on ajoute 1000 cc 


On chauffe 3 heures 


de II soit 92 


produit blanc, cristallisé, inodore qui se 


C,,H,O.NSe Calc 


Il est a remarquer que pour sécher ce produit 


dessicateur, sous vide 


remplace le P,O 
Bis [3-(0-carboxyb 


nar 


” 


in) décompos 


ell 


en suspension dans 20 cc de NaOH 4a 10 


bout de | minutes la diss 
lentement 


Ill soit 


donnant du 


ul 


produit brut 
Dichlor 


1 ml d’acide acétiqui 
Apres traitements 

rendement 


Le gr yupement dise 


6Nal SCO 


An ilyse 
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et 


Ce d 


Sc IMPoOs 


osage est base 


2R 


et la technique utilisée est si 


Analyse 


Trichlor 
chlore form 
jaune 
le couran 
ajyoute au 
obtient 0-5 


Vi 
Vi est tr 


soit un 

(decomposit 

sélénie 
Analyse 

2 ethan 


phtalimido 


Au bout de 24 I 


$H.O corres 


tionnel 


eures a 
Ill) est u 
118-119 


(di 


37 mM) de III sont 


ra 


non 


mM) de IV 


dosage auc 
hon 
SeO,H 6HI 
uirement deécr 


C,H-O.NSe 


(VI) 


a bulle 


ethan 


15 cc 


rendement de 


H,O,NSeC! 


seleninique (VII) 


Vi est ul 


es peu stable et libere rapidement du chlore, du sélénium et de 


a l’ébullition lution 
i reflux; peu a peu KBr précipite et la solution 


KBr se di 


On y ajoute 170 cc de s 


d’eau: ssout et II précipite en cristaux 


127 


conserve bien a sec fF 


nh 


phosphorique en 


inconvenient, on 
M) de Il sont mis 
Au 


11se 


8NaHCO, 2R SeO.Na 


lan 
n iS Gans 


} 24cm). On 
e par NH,OH 2N 


de 


colore en 
ois heures, 
hlo 

On filtre le precipite et le seche sous vide 


t blanc cristallise, 


produ 
Vhydrogéne 
H 2:24 Cl 29-58 


28-00 


Dans une suspension de A2OH preparee a partir de 


6 g de nitrate d'argent cristallisé et de 35 cc de NaOH N, on verse une solution de 4-2 g de VI dans 


‘SH. Rheinbolt dans Houben 
Stuttgart (1955) 


Weyl, Methoden de 


r Oreanische 


Chemie Vol. 9. p.1104. G Thieme Verlage, 


47-42 3-03 9-59 
P| qu sitio rapide. Pour remédier a cet 
diséléniu Préparé sel 2:8 2 (10 
I i Suspensii est ulle 1 5 
teur, la crist sation es cnevee. © ybtient 2:25 g de 
| mn rendement de produit ine, cristallise, g se dec pose a 110° en 
. EEE sélénium rouge @#oxanne). Pour lopération su e on peut utiliser le 
ute de Séléno cystamine” (\V). 2 ¢ dissouts dans un mélange de 
; 4 ml d’acide chlorhydrique concentré. On chauffe a reflux pendant 3 heures j 
iels on obtient le produit cherché par cristallisation dans l’alcool avec un 
selon léquatio (R——Se) 6! 
a une purete de 98 
:: C,H,,N.Cl.Se calc C 1506 H442 N8-78 
14-65 4-4] 8-47 
2 20 cc d'eau. On ajoute lente 
la quantite stoechiomeétrique d'eau de brome. L’analyse chromato 
graphique de cette solution montre gue | xvda est complete Cette solution est placée sur une 
colonne de resine ec reuse Dowex 50 12 forme H* (dimensions / 20 cr 4 
lave a l'eau jus a elu des ions Br pu m € la sélenohypotaur 
4 Cette elution est rapide. Or eVdelas it mm cale par lyop! Sal ; 
, On obtient 3 ¢ de V soit 96 de rendement V est u produit bl c cristallisé, stable a l’'abri 
Vhumidité. L’analyse par chrom sraphie sur papier ne réevele pas la presence d’impuretés. V se 
ent a 150-152 1 donnant du se im, mars des 130 commence a jaunt 
jentement fonction seleninique indique une purete de 99-3 
sur ia rea 
|__| > (R——Se ) 3] 4H.O 
te dans 
C1539 H452 N 8-97 
14-75 4-92 8-52 
ialimido-2 0:5 ¢ (1-8mM) de II sont dissouts dans 7 cc de 
t arriver, bulle | un 
ure trente, il se forme un pre : 
remplacé par un courant d 
ether anhydre 
78 
33-18 2:33 | 


ar, N 
1. Herserr ct M. 
RS 


6 
100 cc d' alcool a SO Cette suspension est agitee encreiquement Au bout de 3 heures on filtre 
¢ exces de AgOH 
Left t cst sec Le residu est repris par 2cc rlacee. On filtre, seche et 
l'on ob 1-79 de Vil dement de $0 
Viles do 17¢ Il est stable « ¢ necessite pas de pre 
vil e Vil« 0 NaOH a 70 
\ ck cK ‘ 
1) « SOX H \ ( 
la NH,OH 2? t 
Vu \ M) de ? 
: d \ Vill 
‘ ry 
84 le § vill. iX seve A l'abri de 
os 
Hi 
\ 
ens 
sur 
i 
; Set) Mil ke \ rt) 
x 
( 
x hit AcOH \ 
col Dowex ™ H x 
hy 
HR H \ | \ 
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ADDITIONSREAKTIONEN DER NITROSOGRUPPE—II* 


DIELS-ALDER-REAKTION MIT CYCLISCHEN DIENEN; 
SYNTHESE EINIGER C/S-4-PHENYLAMINOCYCLANOLI 


G. Kresze und G. SCHULZ 
h-Chemusche | 


Abstract By 


Zusammenfassung 
( 
1)-B 


Tetrahedron, 1961, Vol. 12. pp 12 
Berlin-Charlottenburg 
Dicls—A ‘ vith diene r cycloheptatriene, some 
b 2 x a ivage of the 
YS al . . 
N-(0)-bond, 1.4 
D 1) Alder-Reah be n DZW 
1.4-A CVE 
Dit | gkeit von N—O-Bindungen Dienop xi Diels—A Reak en zu 
mit Phencvclon und Tetracyclon beobachtet. Die Allgemeing : ler Re on | 
bewiesen n Wiel und Arbusow lic auch die Reduktion 
acer pescnricoel 
N N 
+ 
R 
N Pt N H, NHR 
4 JH 4 
rir \ lor | cl ru 
n: Da die Zn-Reduktion der Addukt B der C—O- und C—N- 
Bindutr rfol ter nix cl creospeZzins 
cis-1.4-A noalkohole nn werden Konnen 
CH 
R 
0 
“eon 
B RY ‘ M 
oO wv rel 12.2? j WwW Si, 
y A \ us rR. 48 A P ‘ 
Cher Mosk 5) 24. BOQ y \ Art T. A. Ma Re 
i’ SSR. Of 195)? 


Cs. 


Wir haben daher die Reaktion verschiedener cyclischer Diene mit Nitrosobenzol 


untersuc! 


C yclohexac 


nad al Reduktior 
Auch 


) Hydra robet 


scinersceits 


Bei V kann nun ‘ lung der Substituente wie nur aus 
dieser Stellung hera ist ung mit lehyden ein erneuter Ringschluss 
zum bicyclischer n die Stammverbindung bei der 


Reaktion von \ 


x 


Die Umsetzungen beim Cyclohexadien verlaufen analog, auf diese Weise sind aus dem 
cis-4-Phenylaminocyclohexen-(2)- 
ol-(1) (X) und der entsprechende gesiittigte Aminoalkohol zugiinglich. Dagegen 


schlugen Versuche, Furan als Dien bei der Diels—Alder-Reaktion mit Nitrosobenzol 


einzusetzen, fehl 


yelopentadien reagiert leichter als dic Lésung in Ather bei 0 
4 wird bereits im Verlauf ciner Stunde entfiirbt Das Addukt, 3-Phenyl-2-oxa-3- 7 
(1) ist ihrsche wegen der Ringspar ng 
besonders im unt en Zustand recht instabil Lésung tritt bei Zi ertemperatur 
meist vollige Riicksp lic Kompor Das Cyclohexadienaddukt 
3-Pher )-oxa-3 al clo-[2.2.2 Sal valtet d lendem 
Benzol erst teilwe Die Doppelbindur p chen Bicyclu on | 
reagiert mit Phenylazid, das entstehende Hydrot: tabil. Fiir das Vorlic 
gen ciner erheblichen Ringspannut pric ler Verlaul der Hydrierut b 
n Gegenwart von Pt-Kohle gaa t¢ ul nes der Hydrie- 
rungsprodukte, es konnte nur unrein gewor c daneben werden als Folge- 
produkt der Ringspaltung 3-N-Phe ocvclor 
produkt des durch Riickspaltung gel Nity An 
der Redukti Z Es ure-A nt si ai Riickspaltung des 
Adduktes | bemerkbar er treten neben 4-N-P minocvclopenten-{2)-ol-(i) 
und Anilin als Produkte auf. Das Diacetvidet t (Vil) von VI 
kann gs leicht zu dem entsprechenden V-Derivat (VIII) hvdriert werden 
CoM. 
0 > \, 
. ’ 
+ a 
0 
"wor 
W H 
VI 
R=COCH., Vi R ICH 
Formaliniésung 
ow 
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Wiahrend die Diensynthese von Nitrosobenzol mit Cyclopentadien und Cyclo- 


hexadien unter milden Bedingungen glatt und leicht verliuft, konnte bei Cyclohepta- 


dien nach analogem Verfahren auch bei langer Versuchsdauer keine Addition erreicht 


werden. Dagegen reagierte ( ohept er wenn auch langsam und in missiger 
Ausbeute. Fiir das Addukt kommen 3 Konstitutionsformeln in Frage Neben den 
beiden ““normalen” Xila und XIIb. die sic der Lage der zweiten Doppelbindung 
unterscheiden, solite eine dritte, Xilc, méglich sein, bei der das T1 ls Norcaradien 
reagiert. Eine solche Reaktionswe ar vi Alder und Jacobs* be: den Diensyn- 
thesen von Cycloheptats mit Acetylendicarbonsiureester und mit Maleinsaurean- 


hydrid nachgewies 


NC.H 


Xi c 


Reaktionen, wie sie Alder und Jacobs 


Addukt durchgetuhrt 


Das Cycloheptatrien-Nitrosobenzoladdukt verhalt sich also anders als die ahnlich 
gewonnenen carbocyclischen Verbindungen: es werden sowohl bei Hydrierung an 
PtO, als auch mit Raney-Ni 2 Mol H, aufgenommen, das Produkt XIII ist als 2-Oxa- 
3-azabicyclo-[3.2.2]-nonan aufzufassen; bei der Oxydation des Diacetylderivats des 
Aminoalkohols XV, der durch Zn-Staub-Essigsdure-Reduktion aus XII entsteht, 
konnten keine Bruchstiicke gefasst werden, die noch den Cyclopropanring enthalten. 
Zur Klarung der Struktur wurde ferner das Protonenresonanzspektrum von XII 


* Wir danken der Deutschen Shell AG., Hamburg, fiir die Uberlassung dieses Produkts 


Jacobs, Chem. Ber. 86, 1528 (1953) 


*K 


und G 


Alder 


worden 
| ‘WC.H,  NC.H, |e 
XI b 
Zur Entscheidung haben wir dic gleich) i 
beschreiben, auch bei unseren 
Verhalt yciohept idduktes 
Reaktio t Maleinsaure ydrid (M) 
: t Acety dicarbo mit Nitrosobe ) 
: i ester (A) 
Hydriet 
Crier ) 
Pro M)D letrahydroder t (XID) 
Hyd 
Ge ber A spharendruck (M.A be: Atmospharendruck XIII, 
Raney-N Te) t:t 100 dane 40 
{ yd Amu kohol 
loOcyclopropy 4 
i xy ( clopropandicardo i (be: der Diacety! roping ng 
Permang des ungesat \ noal- 
kohols XV): Acet d 
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in CS, und CCI, aufgenommen und mit dem des Cyclohexadienderivats II verglichen.* 


Die beiden Spektren unterscheiden sich ausserordentlich, fiir die endo-Propeno- 
struktur XIla bzw. b des Cycloheptatrienadduktes spricht: 
es treten ausser einem Signal bei 101 Hz (bezogen auf H,O 40 M H,), das 

den CH,—C=C-Protonen zuzuordnen ist, keine Resonanzen liber 100 Hz auf. Die 
Signale des Cyclopropylsystems liegen allgemein bei 180 Hz 

Im Spektrum von II tritt bei 16 Hz eine Signalgruppe auf, die nach Lage und 
Stirke zu den beiden, dem N-bzw.O-Atom benachbarten CH-Gruppen gehéren 
muss. Im Spektrum von XII findet man an dieser Stelle zwei getrennte Signale, weil 
nunmehr (bei Annahme der endo-Propenostruktur) die elektronische A bschirmung 
der einen CH-Gruppe durch die benachbarte Doppelbindung verindert ist Die 
Endo-Cyclopropylenstruktur hatte die gleiche “Symmetric” wie das Cyclohexa- 
dienderivat II 

Wir halten aus diesen Griinden XII fiir das N-Phenyl-2-oxa-3-azabicyclo-[3.2.2]- 
nonadien. wobei zwischen den isomeren Formen XIla und b noch nicht entschiedet 
werden kann. Die Zn-Staub-Eisessig-Reduktion des gesattigten bicyclischen Oxazins 
XIII liefert cis-4-Phenylaminocycloheptanol (XIV). Uber d Stereochemie der 
Addukte und die Kinetik threr Bi 


ldung soll spat 


EXPERIMENTEI 


St 
Ather 
Vorlaul 
Spekt 
nicht ( \ dies tark orange 

um N-Phenyl-2-oxa-3-alza yelo-{ 2.2 ran (AV) ha 

mit Kp,.,124 war noch verunt (g H, 7°60 
H. 7-47. N 14 s-3-N-Phenvlan 
mit Natriumis ind etanhydr inde aul 140° er 


neutralisiert wurde abfiltriert und aus Petrolather umkristallisx 


* Wir danken der adischet nilin-u. Sodafabrik. Ludwigshafl 


und Auswertung der 


N-Phenyl-2-oxa-3-aza 2.2.1 }-hepten-(5) (1) 
5-35 Nitrosobe SO \ clo he LO wurde 4 frisch 
destil es Cyc ig el 0 st classe! I er Stunde ging di 
der ! j ig Ch >St rok Athe ude! issige 
Cyclopentadien ab De e Riich kr erte be Anreiben mit Alkohol, 
durch Umkrista en au Ath bei — 70° wurden 6°8 ¢ 1(78°, d.Th.) gewonnen, F.32-34 
: Die Substanz zersetzt sich bei R emperatur allmahlich. (Gef. C, 75°61; H, 652; N, 8-06; 
C,,H,,NO erfordert: C, 76:27; H, 640; N, 8-08°,) 
Phenylazidaddukt (1M) 
0-5 g | wurden in 0-5 g Phenyla elist. Nachde 24 Stunden bei 0° gestanden hatte, 
setzte K 1oscNneid » 1¢ Probe erstarrt Aus Pe 
trolathe Kris cl Ad 13.144 Get. w H. 58 N_ 19-5] 
C,,H,,.N,O erfordert: C, 69-86; H, 5-52; N, 1917°%) 
Zur cnt er rw einer | j on 4 ¢ Nitrosobenzol 
in 40 mi Ather ur +e Cv I irt Pla Kol nd da cic 
Lésur m S Bad b Atmosp! iruck | rt. Statt der berechneter R80 ml wurder 
S ( Es wurde ifgefanger (a) 
ch A cl ter rt durch IR- 
. r sich auch durch erneute Destillation 
Nach dem IR-Spektr ite es sich 
: Eine ein zweites Mal destillierte Probe 
N. 9-73. erforder ( 5-40 
opentanol (V). Eine Probe wurde 
t ind dann mit verd Natronlauge 
en. u. Herrn Dr. Biigel fiir die Aufnahme 
S tren 
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Diacetat Vill F. 79-81° (Gef. C, 69 59: H, 7-40; N, 5-52; C,;H,,NO; erfordert: C, 6 94; H, 
7-33: N, 536%) 

Reduktion von I. Auch zur Reduktion wurde I nicht erst isoliert. Zu einer Lésung von 5 g Ni- 
trosobenzol in 50 ml Ather und 5 g ¢ yclopentadien wurden nach der Entfarbung 50 ml Eisessig zuge- 


fiigt und in die bei 0 gehaltene Lésung allmahlich 13 g Zinkpulver eingetragen Die Lésung stand 


dann noch eine Stunde bei 0° und 30 Minuten bei Raumtemperatur Sie wurde mit 40 g NaOH in 100 
ml! Wasser alkalisch gemacht und dann Zur Abtrennung fliichtiger Bestandteile der Wasserdamp!- 
destillation unterworfen. Im Destillat wurden 2 g Anilin als Acetanilid, F.114°, identifiziert Das 


Wasser-Zinkoxydgemisch wurde filtriert, der Riickstand mit SO ml warmem Benzol ausgewaschen 


und das Filtrat mit diesem Benzol ausgeschiittelt. Das Benzol wurde iiber CaCl getrocknet und 


Uc 


abgesaugt Det Riickst ind wurde in wenig Alkoh | aulgenommen und diese Lésung in der Warme 
mit Wasser versetzt, bis Tribung eintrat Beim Abkiihlen schieden sich Kristalle aus, 0:5 g F.124—12¢ 

nach IR-Spektrum und Analvse Hydrazobenzol Bein eiteren Versetzen det alkoholischen 
Lésung mit Wasser schied sich eit 0) ab. Die Emulsion wurde mit Benzol ausgeschittelt, das 
Benzol iiber CaCl, getrocknet und dann abeesaugt. Es blieben 2 g cl _4-N-Phenylamino-cyclopenten- 
(2)-ol-(1) (VI) zuriick. VI wurde mit Natriumacetat und Acetanhydrid | Stunde iuf 120° erwarmt 


Natronlauge neutralisiert und der Nic jlerschlag aus Petrolather umkri- 


Dann wurde mit verd ‘ 
stallisiert: das Diacetat VII hat F.102 103° (Gef. C, 70-09; H, 6°87; N 5-83, C,.H,-NO, erfordert, 


C. 69-48: H, 662; N, 5:40) 


| 


VII gibt bei Hydrierung in Gegenwart vot Pt-Kohle in Cyclohexan das gesat 


(1X) 


3 9 V wurden mit 15 ml Formalin vermisch K 
dann mit 30 ml Ather ausgeschittelt, det Ather mit Wasser gewasche iiber Cat getrocknet und 
abeesaust. Der Riickstand wurde destilliert 2¢ 1X, Kp 107-110° (Gef. C, 75-69; H, 8-08 N 


7-23: C,.H,.NO erfordert: ¢ 6:16. H. 9 740%.) 


x) (X11) 


Nitrosobenzol wurde! 50 ml Ather gelést, zu der auf gekunite! LOsung wurden © 
Cycloheptatrien zugefiigt (Molverhiltnis | 1-4). Im Verlaufe einer Woche tarbte sic die Losung 
dunkel. Nach 14 Tagen wurde der Ather abgesaugt, der Ruickstand durch Wasserdal pfdestillation 
von unumgesetzten Nitrosobenzol und ¢ ycloheptatrien belreit u i dann mit 50 Ather ausge- 


schiittelt. Der Ather wurde iiber CaCl, getrocknet ibeesaugt und der dunkle Ruckstand n t Benzol an 


Al.O, chromatographiert. Es wurden (20 1 Th.) XII, farblose Kristal it F.107-108 
erhalten. (Gef. C, 78-23; H, 6°60; N, 6°85; ¢ H..NO erfordert: C, 78-37; H, 6°57; N, 7030) 


(X11) 


(a) 2° wurden in 20 ml Cyclohexan geldst und in Gegenwat oO 
Raumtemperatur und Atmospharendruck hydriert. Es wurde 580 ml H {ve en (berechnet 
fiir 2 Doppelbindunge 150 ml). Der Katalysator wurae »hfiltriert und mit Methane see chen 
die LOésungsm ttel wurden abdge ug I blie be Ive relblichen Ole ruruckK as Petrolathel! 
bel 10° kristallisierte. XIII hat F.27-28° (Get. ¢ 17-41: H. 847: N, 6°89; C,,H,,NO erforcert 


C. 76°80: H, 8-45: N, 
(b) 1 g von XII wurde 10 ml 


Atmospharendruck 


sator wurde abfiltriert und 


Riickstand wurde mit Benzol an Al,O, chre itographiert s wurden 


Die erste I raktion bhie »nach dem Absau en des LOsungsm ttels fliissig ihr IR-Spek um war mit dem 
Spektrum von XII identiscl Nach dem Absaugen des Bet rols der 2.Fraktx blieb eine geringe 
Sie hatte den Schmelzpunkt 


Menge Substanz zuriick, die beim Anreiben mil Ather kristallisierte 


F.54-56°, ihr IR-Spektrum war mit dem von XIV identisch 


cis-4-N-Phenylamino-cycloheptanol (X1V) 


{ mit 3 g Zinkpulver reduziert Nach 2 Stunden wurde 


1 ¢ XIII wurden in 15 ml Etsessig gelost unc 
die Lésung mit 15 g NaOH in 3) ml Wasser alkalisch gemacht und einer Wasserd umpfdestillation 


unterworfen. Das Wasser-Zinkoxyd-Gemisch wurde filtriert, der Riickstand mit 30 ml warmem 


le 
ee vclohexan gelést und mit Raney-Nickel bei Raumtemperatur und 
clonexan ¢ 
A raen 2361 H frenommen ecnnet } De K tal 
nittel rden abvesauct. der 
= 


Kresze und G. ScHuLz 


chittelt. Das Benzol wurde iiber CaCl! 
Die Kristalle 


Probe wurde 48 Stunden im V: 


Ul ( H,,NO erfordert ( 


ausgewaschen und das Filtrat mit dem Benzol ausge 
getrocknet und dann abe "tt. Der Riickstand kristallisi 
bei denen es sict n ¢ Athera lel ! schmolzen zw B n sie i ee 
einige Vakuum auf, s sie sich wieder. Einc 
auf be und da inalysiert. (Gef. ¢ 526; H, 9-05; N, 7 76-05 
H, 9-34: N, 683%) 
4 . 
cis-4-N-Phenylaminoc) ept (XV) 
X11 Zink er Nach 2 Stunden wurde dic 
14 NaOH W rt r Riickstand t 50 mi Ather 
aus Atl \ rde uber Cac etrocknet und 
; da Riick e be Reib \ Petrolather umkrist iert 
hatte XV den F.64-65-5° (G C, 78-07: H 63: N 05; C..H,,NO erforder C, 77:58; H, 7-52 
6-08 
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THE REARRANGEMENT OF 4,5,6,7-TETRACHLORO- 


3a,4,7,7a-TETRAH Y DRO-4,7-METHANOIDEN-8-ONE! 


YATES” and P. EATON 
Harvard University, Cambridge, Massachusetts 


1960) 


rr erat 
la rrovoratl 


Ihotoiso to give a cage compound (XXXI) 


the ol 
THe Diels—Alder reaction of 1.2.3.4-tetrachloro-5,5-dimethoxycyclopentadiene (1) and 
its diethoxy analogue (II) wit ¢ hiles is well-known” and provides a convenient 

pten ] atives.” The work 


somerization of 


The major product obt lin the a with Il was a 1:1 
adduct” whicl ed st its mode of formation, infrared 
spectrum, and ¢ ng 

it with concentrated sulfuric 


wen 


tetrahydro-4,7-methanoinden-& 
acid. The assignment of st o the hydrolysis product is based on its infrared 
Part of 

No 

Present ac 

1. Newco 

Pat 


‘JA. Kryt 
rhis prod 


Chen 


P 
Department of Chemistry 
( Recé ed 2 jucust 
(1V) has been prepared 
by the hydroly of the adduct of cvc ( idiene and 1|,2.3,4-tet oro-5,5-diethoxycyclopent 
. adiene. It! been sho t nderg tative thern erizat 0 2,3, 3a, 7a-tetrachloro-3a, 
a XV) ture has been ¢ iblished by its degrad- 
ition to 2,3-dichloro-bicyc 2.2.1] heptane-2,3-dicarboxy] cid anhydride (XXI) Aluminum 
chloride has been found t xercise at rkably str ccelerating eflect on the isomerization r 
reactio Ihe pathway of the mer act terpreted in terms of views recently advanced 
by Woodward and Katz. Stereocl ul nents al gested 21 in part, by 
here described is concerned with the preparation and {MT the ketone of 
this type derived from tl idduct of Il* and cyclopentadiene. 
i ¥ 
Bu J. A H. E. Ung bE. McBee, Che Re 38, 249 (19538); 
( A. Peri, G Chim. / 85, 1118 (1955 
1 itsky and R. W. Bost. /. A Chem. S 69, 1918 (1947) 
ict has been obtained previously by Pe ind by E. P. Ordas, U.S. Pat. 2,697,103 (1954), cf 
; Mmm. Abstr. 49, 15956 (1955 
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which shows bands at 3-34, 5-48 and 6°33 , attributable to vinylic hydrogen, 


spectrum, 
The unusually low wave 


carbonyl, and ethylenic stretching vibrations, respectively 
leneth of the carbonyl band is characteristic of the bridge carbonyl group of poly- 


chlorobicyclo[2.2.1}heptan-7-one systems,*:? while the unusually high wave length of 


the ethvlenic double bond stretching band is characteristic of cis-1,2-dichloroethylenic 
8 On hvdrogenation over palladium-charcoal in methanol |V was converted 


to the dihydro compound V, whose infrared spectrum also shows bands at 5-48 and 


6°33 uw. but lacks the vinylic hydrogen band of IV at 44 ou 


unsuccesstul 


SUILTUTIC 


icid al room 


under which LV was formed 


— 
j 
Attempts to hydrolyse the ket lil under milder conditions were Sl - 
thus. it was recover! i dg alter treat nt SU pel 
temperature.’ Bec severity of the cond ee 
it Ww considered p react e procecded with rearrangement, 
ind that the ket ht t be so simply related t precursor as represented by 
the expr ons Ill and | pwa niirmed, however, Dy the prepara- 
wor e adinyaro mp Vi by irog over plauinum in metna- 
n ind the hydrolysis of t product to a ketor lentical mm all respects to V. the 
idduct by ana gurations for its transformation products IV-—VI 
diene Il)in bo second Dic Alder react ccurred giving a Dis-adduct. 
24, 
‘ r.-Y. Wu. Pi 
R 46. 4 
ito oO ts sf t ou «> 
C—OC,H,, eng ort C—C—C bx ¢ at this carbon atom (cf. W 
‘ G. Woo R. A. Car 1D. Re | 78. s 
M. « iy ms \ } W y. New York (1948) K. Alder and M 
Schumacher, For nr. nen Naturst e 10, 17 (1953) 


The rearrangement of 4,5,6,7-tetrachloro-3a 4,7,7a-tetrahydro-4,7-methanoiden-8-one 


15 
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In contrast to the usual behaviour of bicyclof2.2.1 ]hepten-7-one 
the ketone IV did not | carbon monoxide on be at (135° for oii 7 
was converted in quantit e yield to an isomer Ihe infrared spectrum of the 
rearrangement product inds at 3-23 3 and 6:3 vs that, while the 
cis-1,2-dichloroethylenic syst retained, the carbonyl group is 
. / 255 mu (e 9100) cates the presence of a conjugated ke ic carbonyl group. 
. On the basis of these spectral data structure XV is as dtotl ; I hey may be 
compared with those of XIII,° , t 5-75 and 6°39 u 258 mu 9000), and of 
XIV '4 7 ‘5-70, 6°17 and 6°34 , 258 mu (e 6700) 
Confirmation of this structural assig nt was obtained in the following way. 
Hydrogenation of XV ove plat ul n met ol gave a dihydro cor 
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at 90° for five minutes gave an acidic product, C,,H, 9Cl,O,, with bands in its infrared 

spectrum at 2°92, 3-4 (very broad). 5°62 and 5-75 uw: this is formulated as the 

lactol XX. Further oxidation with aqueous basic potassium permanganate gave XXI 

which was shown to be identical with the product obtained by hydrogenation of XXII. 

the Diels-Alder adduct from cyclopentadiene and dichloromaleic anhydride.’ A\l- 

though the stereochemistry of XVIII has not been established independently, it may 


he assigned the endo configuration with a high degree of certainty;'” this leads to the 


endo assignme! nemt {thi including XV. Corroboration 


of this configurational assignment for XV was obtained by photochemical cyclization 
(ride infra) 

The facile therm erization of to XV miniscent of the rearrangement 
of the alcohols XXIII and XXIV recently discovered by Woodward and Katz."" On 
being heated at 140 ere converted to tl ym XXV and XXVI, respec- 
tively a ormer an riu ture of XXIII and XXV was 


obtained hile in tl ter althou an equilibrium was undoubtedly involved, 


conversion of XXIV a entiall Although these investigators 


did not observe directly the isomerization of the corresponding ket in this series, 


their observation that the alcohol XXV wh« ul ed to Oppenauer oxidation with 


t} 


aluminum t-butoxide and quinone in iling benz gave the rear 
XX VII was interpreted in terms of initial oxidation t ketone XXVIII followed by 


“arranged ketone 


facile and complete rearrangement t 9,5 e basis of their elegant 


demonstration of the retention of complete stere xchemical integrity in the rearrange- 


ment of XXIII and XXIV. Woodward and Katz'* concluded that the isomerizations 
proceed not by complete dissociation and recombination but, rather. by the cleavage 


of one of the bonds of the dicyclopentadiene system and the formation of a new bond 


via a stage XXIX Although we lack |! | the isomerization of IV the 


rigorous stereochemical arguments developed in the cases of the isomerization of 


XXII] and XXIV. we consider that the facilit f the reaction, the absence of other 


spec 
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products, and the inherent similarity to the earlier cases make it highly probable that 
the reaction proceeds by an analogous route, via XXX The presence of the carbonyl 
group will undoubtedly lead to an unusually large polarization of the electronic dis- 
placements in the sense of XXXa. The observations that LV was completely con- 
verted to XV and that no detectable isomerization occurred in the reverse direction 
are in accord with expectation since the equilibrium IV XV should lie heavily in 
favor of XV, in which the carbonyl group is directly conjugated and lacks much of the 
disabling angle deformation peculiar to the bridge carbonyl group of 1V.7,%#! 

It was of considerable interest to find that the conversion of IV to XV took place 


ery rapidly at room temperature when a solution of [V in carbon tetrachloride was 
treated with aluminium chloride, in fact, when a large excess of this reagent was used, 
rearrangement was complete within three minutes. Acceleration of the rearrangement 
by aluminum chloride could also be effected in homogeneous medium by the use of a 
solution of aluminum chloride in dichloromethane.** Similar, but less striking, 
acceleration was brought about by ferric chloride and by sulfuric acid.** The action 
of these acidic reagents must be related to their ability to coordinate with the carbonyl 
oxygen atom of IV and thus to facilitate the bond-breaking process symbolized in 
XXX and XXXa. It may be noted that catalysis of the Diels-Alder reaction by acids 
has been observed in several instances.*4 This common feature of the Diels—Alder 
reaction and of the rearrangement here discussed is of interest in the light of the 
postulated relationship between these two types of reaction '8 We have been led 


sreby to the exploration of the efficacy of aluminum chloride in the acceleration of 


the Diels-Alder reaction; preliminary results indicate that in some cases this reagent 


serves this purpose in excellent 

We turn finally to some photochemical experiments which shed further light on the 
stereochemistry of XV. When this compound in solution in carbon tetrachloride was 
irradiated overnight with a water-cooled Hanovia 450 watt mercury arc source, it was 
converted in part to a new isomer, whose infrared spectrum shows a band at 5 52 uw but 
lacks the bands of XV at 3-23, 5-73 and 6°30 uw. Its ultraviolet spectrum, unlike that of 
XV. shows no high intensity absorption, but a weak plateau at ca. 295 my (e 30) and 
weak end absorption (¢ ;, 630). These spectral data clearly indicate that the photo- 
product contains neither vinylic hydrogen atoms nor a cis-1 ,2-dichloroethylenic 
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system and that its carbonyl group occupies a highly strained position and is no longer 
conjugated. This isomer is therefore assigned the structure XXXI.*° Such a cage 
compound can arise only from the endo compound XV, and not from its exo-stereo- 
isomer, XXXII. The possibility that XXXI was directly derived not from XV, but 
from IV, formed by initial isomerization of XV under the influence of the ultraviolet 


radiation (i.e. by reversal of the thermal isomerization process 1V —> XV) is excluded 
by the observation that IV was unaffected by such irradiation. Thus, the earlier 
assignment of the endo configuration to the thermal isomerization product, XV, is 
corroborated by the photochemical experiments 27 Further, it may be noted that the 
Woodward—Katz mechanism requires that XV be formed from the endo isomer IV, 
rather than its exo analogue, and hence the earlier postulation of endo configurations 


for III and its congeners 1s consistent with the views subsequently developed 
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** Melting points are uncorrected. Carbon tetrachloride was as the solvent for 


determinations, unless otherwise noted. Petroleum ether refers a fraction with b.p 
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The fine, white needles hi 2 / 3-34, 3-40, 3-48, 5-48, 633 4; 200 


(shoulder, ¢ 190). (Found , 2°05; 49-86: M.W., 250. Calc. for C,,H,C1,O: ¢ 
42-29: H, 2-13; Cl, 49-94 
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molec) in 50 mi methanol was treated with hydroge 
platinum. Mbgen uptake ceased after the abdsorpt f one molar equivalent 
: filtered and the sol partially evaporated to give 4 2¢ (83°) of the dihydr Bes. 
Recrystallization from metha gave ¢ less crystals, m.p. 76-76°5 A 3-34, 3 ; 
(Found: C. 46-89: H, 4-76. Calc. for C,,HyCLO,: C, 46°69; H, 5-04°,) = 
4.5.6.7-Tetrachloro-2,3,3a.4,7 ,7a-hexahydro-4,7-methanoinden-8-one 
The mixture was then poured onto cracked ice. The res t d was filtere ; 
from pet ether, giving V as white crystals (0-9 g, 56°5",), m.p. Imax 340, 
(Found: C, 41°97; H, 3:10. Calc. for C,,H,Cl,O: C, 4 H, 2°82") 
From hy wenation of 1N A solu f 1V (2 ge. 0-0073 mole) ethanol | 
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(XV1) 


A solution of XV (50 g, 0-176 mole) in warm methanol (300 ml) was treated with hydrogen at atm 
press over platinum. Hydrogen uptake was very rapid and stopped sharply after the absorption of one 
molar equivalent. The catalyst was filtered and water (600 ml) was added. The oil which separated 
was taken up in ether: the solution was dried, decolorized, and diluted with pet ether Two crops of 
white crystals were obtained by concentration of this solution. Recrystallization from pet ether gave 


44 (87°,) of the dihydro compound XVI, m.p. 65-65°5 ; 4 3°35, 3-45, 5-74, 6°30 


(Found: C, 42-11; H, 3-04. Calc. for C,gH,Cl,O: C, 41-99; H, 2°82%,) 


2,3a,7a-Trichloro-3-methox (XVI1) 


(1) From XVI. Freshly prepared methanolic sodium methoxide (from 4-05 g sodium in 50 ml 
methanol) was added rapidly with stirring to a solution of XVI (40 g) in methanol (300 ml). Sodium 
chloride was precipita ilmost immediately. After 15 min, water (600 ml) was added. The resulting 
precipitate wi ystalliz om hot methanol to give ¢ tually quantitati yield (39-2 g) of white 
crystals, m.p 5. ) 204 my (e 13,000) 

(Found: 3-93 ‘ C, 46°92; H, ) 


(ii) From hydrogena solution of XVIIL(1 g, 0-:00358 mole) in methanol (30 ml) was 


treated with hydrogen at itm over platinur Hydrogen uptak ised after the absorption of one 


molar equ posited 0-9 ¢ (88-5 pot 


crystalline materia tical t Uf pro t oDLaiIned he action of sodium methoxide on XVI \ 


mixture mM. f the tw ! wed no their infrared spectra were identical 


2.3a,7a-Trichloro-3-methox y-3a.4,7,7a-t thydro- f -l-one (XVIIL) 


This compound was | pared from XV (O0-‘5¢)a im n oxide | h procedure as 
that used for the preparation of XVII from XVI rystalliza f the product from methanol gave a 


p 


38-05 


hydrogen 
yntainer was 


an crystals 


ystals, m.p 


were covered 


Ss were 
team-bath 
-salt bath 

nt with 
100-105 ) 


3. Dichlorobh 


(i) Fron p angana idat Tra vas dissolved ir tilled water 
(6 ml) by the ad oO f f sodiun sOnate to maintain the 1 t | que potassium 
pern ingans ater) \ idd nstant 2 
additional he so n Wi hed and the precipitated mangan de dissolved by the 
addition of conc hydrochior and sulfur di le he solutior as satura ammoniun 


sulfate and extracted with eth t was evapor 1 t 1 é iblimation tube: the 


=! > 
j 
quantitative yield of white plates, n 3-30, 3:38, 3-44, 52, 6°25, 
F (Found: C, 47:57; H, 3-20; Cl, 37-91. Calc. for C,,H,Cl,0O.: C, 47-26; H, 3-25; Cl, Hig °,) 
; 2,3a,7a-Trichloro-3a,4,5,6,7 ,7a-hexahydro-4,7-methanoinden-| ,3-dione (X1X) 
a ‘ A solutu of XVII (25 g) glacial acetic acid (100 ml) and a 30-35 solution P| 
‘ bromide in acetic acid (25 vere heated together the steam-bath for 4 hr The c 
sealed except for a fine capillary for pre re release. As the reaction proceeded large, tim i 
q separated. These were recryst ed from met to give 20-4 g (86°.) of colorless cry 
233 dec +80. 4-05, 5-91, 6-34 broad 
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Found: C, 42°69; H, 3-69; Cl, 24°68: N.I 140. Calc. for C,,H,,Cl.O,: C, 42°73; H, 3-59; 
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yc 2.2.1 acid anhydride (XX1) 
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expresses the proportional tv between the extinction & and concentrator only on 
condition that the extinction ' th of the absorbing path fl 
remain constant (the la h hot r construction). The 
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where E, and E_ are the extinctions at times / and / respectively s the frac- 
the order « veral hours 


tion of ArH nitrated in the time ¢. In some cases 
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the nitration was assumed complete, thus the initial ArH concentration equalled the 
final ArNO, concentration, a = « Then 


2 303 log 


l 
In the course of each nitration it was possible to make about 10 measurements and 
each nitrating solution was examined twice. Thus the values 4, given in Table | are 
‘ 


the average of 14-20 measurements. The average error was estimated to be +7 per 


cent 


OOH 


HNO H.O 


HNO 
CH,COOH 


HNO H.SO, 
P.O H,O 


DISCUSSION 


According to Ingold ef « n the nitrating mixture which does not allow the 


formation of NO ons because of too great water concentration, the nitrating agent 


is the H,NO,* ion. Ingold based his conclusion on a sudden great change of the 
nitration rate constant 4, caused by only a small concentration change of the nitration 
mixture components. He maintains that nitric acid is a base in relation to H,SO, or 
HCIO,, water is a base in relation to HNO,, H,SO, and HCIO,. Water causes hydra- 
tion and dissociation of the acids beginning with the strongest one. When the con- 
centration of the strong acid exceeds that of free water, the acid excess reacts with 


nitric acid to form the H,NO,” ions, the nitrating agent 


i 
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Preliminary analysis of the results in Table | are apparently in agreement with 
Ingold’s. A function § can be formed, defined as the ratio of the sum of all acid 
concentrations [HX] (including HNO,) to the water concentration, § = ={HX]/{H,O]. 
Nitric acid is included because it is both an acid and a base.*® 

Fig. 3 shows the dependence of k, on &. A sudden increase of k, takes place at the 
value 0-70 s 1-00 

According to Ingold® one can calculate that the 2-phenylethylsulphonic acid 
nitrated showed the sudden increase of k, at the value 0-36 < § < 0-44. In the 


HNO 
HNO H.SO, HNO 


HNO H.SO 


nitration of N-acetyl-2-naphthylamine, if on wel 


formed according to Ingold at the value 4.ak, change 


‘ 
WOU 


range ol 
Secondly. during nitration with HNO CH.COOH HO 


H,NO,* ion cannot be formed as acetic acid is a base in relation to HNO Neverthe- 


less. an increase of ky Was observed although not so sudden as in the case of H,SO, 
but nevertheless pronounced 
A better explanation of the experimental facts and not contrary to Ingold’s 


hypotheses is that an increase of acid concentration and at the same time a decrease 


"§ K Ingold and D. J. Millen, J. Chem. So 2612 (1950) 


/ 
- 
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COOH H.O 
the nitrating agent 
mixture the 
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of water concentration in the nitrating medium results in the following reactions 
First by the dehydration of H,O” tons 


(H,O-)-(nH,O) nHx 1) H.O (1) 


followed by depressed dissociation of HNO, 


NO O 


NO 
A further increase o! i concentration causes the dehydration of HNO 


x 


NO 
the acid HX and its interaction with HO—NO, 


x 


ne nitron 


a 
H H 
(2) 
E 
H,O 
H 
HNO, -H.C HX H—O—H HO-NO H,.O-HX (3) 
The final stage is the dehydration of Po 
as a Dase KH 
H 
Hx HO. NO (4) 
O 
NO, 
when the HX ts a stro enough acid, it follows 
x 
NO NC s 
ind ii there Was a possidillly O solvation, dissociation results 
H 
- x HNO (4b 
N 
the last stage leads to (ENUM Ion formation 
if x H 
Hx 
xX - NO H.O 2x (5) 
NO NO 
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This scheme is based on Bronsted’s protolytic reactions. It is considered’ that the 
initial stage of a protolytic reaction is the formation of a hydrogen bond between an 
acid and a base. A complete proton transfer and the following dissociation into ions 
depends on the presence of a solvating agent and does not always take place. In the 
protolytic scheme hydrogen bonding is essential and the introduction of a proton into 
the nitric acid molecule causes a gradual polarization and weakening of the HO—NO, 
bond that leads finally to a break down of the bond and to the formation of NO,* ion 
solvated by X~ ions. A similar conclusion was drawn in previous work*-* from the 
changes in Raman spectrum of the solutions and it should be stressed that the changes 
depended on the acidity of the medium. 

An objection to this hypothesis is the assumption that two oxygen atoms in the 
nitric acid molecule do not take part in the hydrogen bond formation, but if they did, 


the NO,° ion formation according to the equation 


OH 


N 


HO OH | 


would not be possible, yet the existence of NO,* ion has been proved." 
Further support for the proposed mechanism may be found in the bond length 
difference between the oxygen and nitrogen atoms in the HNO, molecule: the N—OH 


bond, 1-405 A. is much longer than both N—O bonds, » 1-206 A,*-?" so the 


oxygen atom of OH is bound more weakly to the nitrogen and the hydrogen bond 


formation is therefore easier 


The sudden chang n the nitration rate constant 


he activation energy of nitration is the smaller, the weaker the HO—NO, bond. It 
also depends on the ease with which the proton detaches from the nitrated ArH. The 
possibility of hydrogen bond formation between the acid and ArH by the substituents 
or even z-electrons’ must be t: account. Hetherington and Masson!* 
mentioned the role of interaction between ArH and the acid in nitration. It seems 
obvious that the sudden change of k, sets in when the thermal motion energy ap- 


l 


proaches the activation energy arising from the given nitration conditions. It is also 
obvious that the k, change will occur in an acidity range characteristic of any given 
ArH. Furthermore, if the acidity is too great, the proton detachment from ArH can 
be more difficult in some cases. Thus, the optimum concentration range of the 
nitrating mixture is adequate in one of the (2) to (5) stages in the protolytic scheme, 
depending on the properties of the nitrated ArH 

rhe H,NO,* ion could be the nitrating agent but its presence in the nitrating 
solution is not necessary and its existence has not yet been optically prov ed. Ingold 


stated that the H,NO,* ion spectrum could not be identified, like the H,O™ ion, the 
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Abstract 


INTRODUCTION 
nitronaphthylamines 


and 


rt 


ompounds 


thochromic 


mnanon 


polar 
char 


napht 


between states la and II is less than that between States 
y 1S required to excite a nitronap! thylamine molecule in 
thus explaining the observed bathochromic shift. In 


than in a non-polar solvent 
nitronaphthylamine molecules where intramolecular hydrogen bonding occurs, 


between an oxygen atom of the nitro group and a hydrogen atom of the amino group 


solvation is reduced leading to a smaller bathochromic shift 
Mesomeric interaction in the nitronaphthylamines results from the conjugation of 
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the lone pair of electrons on the amine nitrogen atom, through the z-electron system of 
the naphthalene nucleus with the p-electron system of the nitro group. The energy 


difference between a hypothetical nitronaphthylamine in which mesomeric interaction 


does not occur, possibly almost true for the 7- and 3-nitro-2-naphthylamines, and a 


nitronaphthylamine in which it does occur can be termed the energy of mesomeric 


interaction. The energy of mesomeric interaction would thus be determined by the 


distribution of z-electrons in the naphthalene nucleus and the conjugating powers of 


the carbon atoms to which the nitro and amino groups are attached. 
Remington‘ and also Wepster® have used the intensity of the first absorption band 


of substituted nitranilines as a measure of mesomeric interaction and hence steric 


distortion of the substituent groups. Wepster® has used the criterion that the energy of 


mesomeric interaction in a p-nitraniline molecule, substituted by alky! groups ortho 
to the nitro group, is proportional to the square of the cosine of the angle by which the 
nitro group is twisted away from the plane of the aromatic nucleus. The extinction 


coefficient of the first absorption band of these substituted p-nitranilines was found to 


be proportional to the energy of mesomeric interaction 


In the nitronaphthylamines fourteen different modes of mesomeric interaction 


liscussed later it seems 


through the naphthalene nucleus are possible. From the results 


probable that the energies of mesomeric interaction in the nitronaphthylamines may 


also be related to the extinction coefficients of their first absorption bands 


Before discussing the interpretation of the absorption spectra of the nitro- 


naphthylamines the spectra of some monosubstituted naphthalene compounds and 


the analogous nitranilines are mentioned 


/ he 


Spe ctra of the Nitre naphthy famines 


(1) Monosubstituted naphthalene compounds 


Details of the absorption spectra of some monosubstituted derivatives of naph- 


thalene have been collected in Table |. The nomenclature used to designate the absorp- 


1 


tion bands is that of Clar® (cf Peters’). When a substituent is in the -position the 


p-band undergoes a larger bathochromic shift, relative to the p-band of naphthalene, 


than when the same substituent is in the 2-position. Also the p-band of a |-substituted 


compound is usually more intense than that of the corresponding 2-isomer. When 


however a “powerful” electronic substituent, eg NH,, —NQO,, or —-CO,H, is in the 


l-position then the p- and «-bands merge into a single band (px). The merged pa- 


band may then be less intense than the p-band of the 2-isomer but oscillator strength 


is probably a better criterion in such cases 


[hese differences between the spectra of I- and 2-isomers of monosubstituted 


naphthalene compounds may be related to the greater conjugating power of the 


l-position. Coulson and Longuet-Higgins* have defined the conjugating power of a 


position, in an aromatic nucleus, as / times the self polarizability of that position (/ is 


here the resonance integral). In naphthalene the self polarizability of the l-position is 
0-443 whilst that of the 2-position is 0-405 (compared with 0-398 in benzene). 


* W. R. Remington, J. Amer. Chem. Soc. 67, 1838 (1945) 

> B. M. Wepster, Steric Effects in Conjugated Systems p. 82. Butterworths, London (1959) 
* E. Clar, Aromatische Kohlenwasserstoffe. Springer-Verlag, Berlin (1941) 

7 D. Peters, J. Chem. Soc. 646, 1993 and 4182 (1957) 

*C. A. Coulson and H. C. Longuet-Higgins, Proc. Roy. Soc. A 195, 188 (1948) 
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TABLE | 


MAXIMA IN THE SPECTRA OF MONOSUBSTITUTED NAPHTHALENE 
Comp unds 
Substituent 


Solvent 
Absorption maxima (mys) 
-band p-band 


ethanol 
ethanol 


ethanol 


ethanolic 


HC] 


band 


Soc. 72, 4859 (1950) 
Ferguso! 
*T. M. Dunn an J. Chem. Soc. 1595 (1952) 
*P. Ramert-Lucas, Bul/. Soc. Chim. 17, 262 (1950) 
Y. Hirshberg and R. N 


304 (1954) 


Jones, Canad Fe Res B 27. 437 (1949) 
EF R. Ward and A. Hardy 


Personal communication 


al 2 
4.3 
H 220 276 311 9 
a (5-0) (3-75) (2-90) os 
1-CH 221 282 314 
(4-85) (3-80) (2-58) 
2-CH, 221 276 319 10 Pre 
(4-95) (3-68) (?-68) 
|-OH 233 295 323 
(4°52) (3-71) (3-43) 
2-OH 22¢ 276 325 11 
(4-86) (3-67) (3-27) 
(2.2 | 
270 321 n-hexane 12 
(3-79 
281 314 
(3-90) 
~ 217 
2 3] n-hexane 12 
(3-79) 
1-] 997 87 
(4-60) (4-03) : 
(4-40) 3 
I-NH 278 +13 
S01 (3°75) (2-60) HC} 14,9 
I-NH »40 
aio 2-NH 23 283 339 ethanol 15 
j 4-80 (3-20) (2-3) 
243 43) 
(3-904) 
261 103 149 ethanol 16 
(4-36) (3-92) (3-42) 
CO.H 294 
(%-R7) 
2COH 234 280 333 ethanol 15 
(4:70) (3-80) (3-10 
|-SO.H 224 279 415 
(4-84) (3-80) (2-63) 
»-SO.H 227 274 316 
(5-0) (3-69) (2-55) 11 
Log E value i parentheses. * licates the ce of a merged 
N. Jone j Che 67, 212 1945) 
2 4. Friedel and M. Orchin, U/traviolet Spectra of Aromatic Compounds Figs. 196. 197. John Wiley, New 
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(2) Spectra of the nitranilines 

Maxima occurring in the absorption spectra of the three nitranilines have been 
collected in Table 2. The values for ethanol solutions were collected from the literature 
and the spectra were measured in cyclohexane. 

As neither aniline or nitrobenzene show any absorption above Log E 2-0, in the 
region 325-375 my, then the intense long wavelength absorption of the three nitrani- 
lines can be attributed to mesomeric interaction between the substituents. Using the 


TABLE 2. MAXIMA IN THE SPECTRA OF THE NITRANILINES 


Absorption maxima (my) 


Iso 


Cyclohexane 


229 (4-26) 


270 


criterion previously mentioned, 1.¢ the intensity of the first absorption band, as a 


guide to mesomeric interaction the order for the three nitranilines 1s 


p ) 1. 

rhis is the expected order of interaction in these compounds.’ [he first absorption 
band of p-nitraniline under goes a bathochromic shift of 5I mu on ch ing from 
cyclohe xane to ethanol 

o-Nitraniline has three absorption bands in the region measured whilst the meta 
and para isomers have only two. The additional absorption band in the spectrum of 
o-nitraniline is at 270 my. It probably arises from steric hindrance, between the 
adjacent nitro and amino groups, resulting in the absorption bands of aniline, nitro- 
benzene and possibly the forbidden band of benzene, compounded together, appearing 


in the spectrum of o-nitraniline. 


(3) The nitronaphthylamines 

Details of the maxima in the absorption spectra of the nitronaphthylamines, 
measured in ethanol and cyclohexane, are shown in Table 3. 

Differences in the conjugative powers of the Il- and 2-positions in the naphthalene 
molecule have already been mentioned. In addition steric hindrance can occur between 
adjacent groups in the |- and 2-, the 2- and 3-, and the 1- and 8-positions. Steric hind- 
rance is greater in the I- and 8-“peri” positions than in adjacent positions on the same 
nucleus. In fact the large nitro group, when in the I|-position, is sterically hindered 
even by a hydrogen atom in the 8-position.'* 

17 C. K. Ingold, Structure and Mechanism in Organic Chemistry p. 223ff. Bell, London (1953) 


18 W. A. Schroeder, P. E. Wilcox, K. N. Trueblood and A. O. Dekker, Analyt. Chem. 23, 1746 (1951) 
1® A. Fischer, W. Mitchell, G. S. Ogilivie, J. Packer, J. E. Packer and J. Vaughan, J. Chem. Soc 1426 (1958) 
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374 (3-18) 346 (3-26) 
; -nitraniline 229 (3-79) 228 (4-18) 
376 (4-19) 325 (4-10) 
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In the homonuclear nitro-l-naphthylamines, in both ethanol and cyclohexane 


solutions, the intensities of the first absorption bands fall in the order 


(where the number indicates th ff the nitro group). This is the same sequence 
as was observed for tl tral he bstituent groups are in different 
nuclei the intensity of t! a rp } 1\ the order of mesomeric interaction 


as 


3-nitro- 
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(b) The Y-nitro-2-naphthylamines 


The order of leasuremen the nitro-1- 


naphi! 


lie within 0-02 D. 


the method these 


The interaction mom 


of each other and as 
isomers can be considered have equal These for mesomeric 
1t with the classical structures that can be 


! ol agreement \ 


interaction are in some measure 
written for excited states of the nitronaphthylamines, eg. a para quinonoid structure 
for 4, an ortho quinonoid for 


quinonoid structure for 5-nitro-1-naphthylamine. 


2, an ortho—para quinonoid for 7, and a doubly ortho 
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The nitro-2-naphthylamines ory series in that the spectra and 


yn tro-2-naphthylamines the 


dipole results d 


intensities of the firs 


order of the 
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It would seem that as mesomeric interaction increases, the partial charges on the 


substituent groups increase thus binding the solvent molecules more Strongly into the 
system. Such partial charges are able to develop better in the 1-position of naphthalene 
due to the greater polarizability « he molecule from this position. Some recent 


solvation for ubstituted 
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nuclear magnetic resonance studies give a similar picture (ii 
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THE TAUTOMERISM OF HETEROAROMATIC 
COMPOUNDS WITH FIVE-MEMBERED RINGS 


S-HYDROXYISOXAZOLES-ISOXAZOL-5-ONES 


4. J. BOULTON and A. R. KATRITZKY 


Abstract 


THe well-known reaction of /-ketoesters with hydroxylamine affords products which 


can be formulated as 5-hydroxyisoxazoles (1) or as 4H- (11) or 2H-1soxazol-5-ones (IIT) 


Early workers assigned structures on criteria now known to be unreliable, thus Uhlen- 
huth! favoured the NH structure (II1) because the silver salt of 3-phenylisoxazol-5-one 
gave with methyl iodide a product (also obtained by methanol-sulphuric acid treat- 
ment of the isoxazolone) which he formulated as the N-methyl derivative (incorrectly, 
see below). Moureu and Lazennec* also preferred the NH structure on grounds of 
formation. Kohler and Blatt® found that 3,4-diphenylisoxazol-5-one when freshly 
dissolved in ethanol reacted with ca. 50 per cent of one molecule of bromine, but after 


standing with ca. 90 per cent and concluded that the solid was in the CH form (now 


disproved, see later) but that the OH form predominated in solutions; the NH form 


was held to be excluded by the results of ozonolysis. Confidence in the bromine 
titration method is undermined by the fact that 3-phenylisoxazol-5-one reacts rapidly 
with 1-9 moles of bromine.* 

Physical methods were first used by Angyal and Le Fevre*; the dipole moment of 
3-phenylisoxazol-5-one (4-9 D) was nearer to that of the 4,4-dimethy! analogue (5-0 D) 
than to that of the 5-methyl compound (3-8 D) and although this was not regarded as 
conclusive evidence for the CH form, the infra-red spectra of the solids did show that 
the CH form (II) prevailed in the crystal. Infra-red spectral examination of the benzene 
solution in the 3800-2800 cm~! region was stated to exclude the NH and the OH forms 
but this must be considered less conclusive because of poor solubility. 

R. Uhlenhuth, Liebigs Ann. 296, 33 (1897) 
Moureu and I. Lazennec, Bul/. Soc. Chim. Fr. (4) 1, 1092 (1907) 


E. P. Kohler and A. H. Blatt, J. Amer Chem. Soc. 50, 504 (1928) 
C. L. Angyal and R. J. W. Le Feévre, J. Chem. Soc. 2181 (1953) 
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Tetrahedron. 1961, Vo 2, pp. 41 to Pergamon Press Lid. Printch 
; University Chemical Laboratory, Cambridge 
23 Aug 1960) 
—Inira-red and ltra-violet spectra show that 3,4-dimethyl-5-hydroxyisoxazole exists in 
aqueous and chloroform s it1OT nd the d phase inthe OH form; and that 3-pheny 1-bromo- : 
3-phen\ ind 4-methyl-3-p oxazol-5-ones iS mixiure e CH and NH forms in 
Ps solution. the proport f the NH for creasing the polarity of the solvent. The basicities 4 
of 180Xa e and mn ts derivatives are recorded Ilsoxazol-S-ones are cids of comparable 
strength with CarDoxylic acids 
R 
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Following work in this laboratory on potentially tautomeric py ridines and pyridine 
|-oxides.® we have now studied the ultra-violet and infra-red spectra and basicities ofa 
series of 5-hydroxyisoxazoles, or isoxazol-5-ones, and methylated derivatives of their 
three alternative tautomeric forms 

Preparation of compounds. Ethyl methylacetoacetate (V) and hydroxylamine 
afforded 3,4-dimethyl-5-hydroxyisoxazole (V1),' which gave a single methyl derivative 


Me 


Me 


vi 


with diazomethane. shown to be 3,4-dimethyl-5-methoxyisoxazole (\ Il) by (a) the 
infra-red spectrum,” (b) metho» yl group shown by Zeisel analysis, and (c) non-identity 


with the N- and C-methy! derivatives. The silver and sodium salts of the isoxazolone 


also gave 3.4-dimethyl-5-methoxyisoxazole with methyl iodide Diazoethane afforded 


the corresponding 5-ethoxy-derivative this structure was confirmed by the infra-red 
spectrum The acetoacetate (V) with N-methylhydroxylamine’ gave unambiguously 
? 3.4-trimethvlisoxazol-5-one (IV); this use of N-methylhydroxylamine in isoxazolone 
synthesis is new although 2,4-diphenylisoxazol-5-one has been made analogously 


from phenylhydroxylamine Ethv! dimethvlacetoacetate and hydroxylamine gave 


3.4.4-trimethylisoxazol-5-one (VIII).” 

The appropriate ketoesters and hydroxylamine gave 3-phenyl-,"” 4-methyl-3- 
phenyl-,"? and 4,4-dimet! yl-3-phenyl-isoxazol-5-on« 3-Phenylisoxazol-5-one with 
diazomethane.'2 or with methanol and sulphuric acid,’ yielded 5-methoxy-3-phenyl- 
isoxazole.” but the sodium salt with methyliodide provided mainly the N-methy! 
derivative. 4-Methyl-3-phenylisoxazol-5-one with sodium ethoxide and methy] iodide 
gave the N-methyl derivative, the structure of which was proved by the infra-red 
spectrum, and a negative Zeisel analysis. Diaz methane afforded a mixture of ca 
35 per t N- hyl and 65 per cent O-methyl derivative, as shown by infra-red 
spectroscopy; the methoxy- compound was isolated 

romo-3-phenylisoxazol-5-on ‘ with diazomethane provided the N-methyl 
derivative. Bromine and 4-methyl-3-phenylisoxazol-5-one gave 4-bromo-4-methyl-3- 
phenylisoxazol-5~-« ne; bromination of 3-phenylisoxazol-5-one gave the 4,4-dibromo- 
derivative’? ( ide infra 

Ultra-violet spectra (Table 1). The spectrum of 3.4-dimethyl-5-hydroxyisoxazole 
(Table |, No. 4) as a neutral species rese mbles that of the 5-methoxy-analogue ( No. 1) 

2) 


but differs from those of 2,3,4-, and 3,4,4-trimethylisoxazol-5-one (Nos. 3, 2 This 


R. A. Jones and A. R. Katritzky, J. Chem 
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TABLE 1. ULTRA-VIOLET SPECTRA OF ISOXAZOLES AND ISOXAZOL-5-ONES 


Substituents at 
pir Cyclohexane Water 20 N H,SO, 


positions 
(mys) 


209 


x 


iv 
+. 


t 


tv 


Aqueous solulio 
roxy oxazole 


§-methoxyisoxazole methy yxazol-5-one 


holds for solutions in water (Fig. 1) and cyclohexane, and indicates that in both sol- 
vents the tautomeric compound exists predominantly in the hydroxy- form. The ultra- 


violet spectrum (Fig. 1) indicates that the proportion of the NH form does not exceed 


43 
Me Me OMe 563 215 62 227. 927 
2 Me Me O 201 4:2 201 4-16° 
: 3 Me Me Me O 7-89 268 12-0 252 9-76 
a 4 Me Me OH 658 224 6-25" 236 8-64 a 
5 Ph H OMe 39 16-0 
6 Ph Me OMe 10-7 275 161 
7 Ph Me O 3 13-5 256 10-3 
10-4 
8 Me Ph Me O : 8.66 271 11-6 
9 Ph H O 13-6 266 16°5 
11-3 1.9 
10 H PI Me O 
65 
1] H Br ( 
| 
, r 
P Ph Br, Me O 19 6-09 
#90 6°47 
: *h O 
I Br % 2.20 
| 7°8 291 0-? 
. >} 4 
14 Me Br O be 2.06 246 
Band below so nt cut t 
; 10 N ed to flicient transr 
Decompose ) cid 
| 
; 
| | 
\ 
; Fic. | Po Fic. 2. Solutions in sulphuric acid. 
}.4-Dimethy! 3.4,4-T 5-one 
3, 4-Dimeth y|- 
F 
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| per cent and that that of the CH form does not exceed 20 per cent and is probably 
much lower. The spectra of the mono-cations of the 3.4-dimethy! series are shown in 


Fig rhree structures are possible for these cations, (IX—X1): 5-methoxy- com- 


series are shown 


nantly as the CH 


R H): the OH form (XV, R annot | cted, its proportion ts probably 
less than 10 } cent. 4-Methyl-3-pl azol-5-one, on the contrary, exists pre- 
dominantly in the NH form (XIV, R tributions from the other forms 
(X11, XV, R Me) can be detected; they probably occur to an extent of less than 


10 per cent However. in cyclohexane (Fig. 4) bot! i¢ potentially tautomeric com- 


pounds exist predominantly in the CH form: Fig. 4 indic: he NH and OH 


forms certainly do not exceed 10 per cent Using cyclohexane, diethyl ether, ethanol 


*R J. D. Smith and R. N. Jones, Canad. J. Chem. 37, 2092 


: 
+| UR 
RO R R 
X x 4 
nounds must form cations of type LX, and 4,4-dimethyl- compounds must form 
cations of type X, but metny and p wally taut eric cK pounds could form ’ 
cations of all three types. | d Table | cat it cati of structure IX are 
formed W eneve»r po ) se Of X! i { \ spectra similar to 
which shows only ibove ethan 
Pr Pr R Pr 
N Ne N 
XIV XV : 
The spectra of aqueous itiO! f neutral species in the 3-pheny| is 
in Fig. 3, which indicates that 3-p ylisoxazol-5-one exists predom iia 
form (XIII, R H) in equilibrium with ca. 30 10 per cent of the NH form (XIV, : 
¢, 
by 
4-Dimet! 
M Metho 
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0-1 N sulphuric acid, and mixtures of adjacent pairs of these, solutions of each tauto- 
meric compound in media of increasing polarity were prepared. 3-Phenylisoxazol-5- 
one shows a steady increase in the intensity of the NH peak with increasing solvent 
polarity, while with the 4-methyl homologue a gradual and apparently complete tran- 
sition from CH to NH structure is observed (Figs. 5, 6). 


+-Bron 


Considering the bromo-compounds of fixed structure the expected bathochromic 
shifts of 3-11 mw are found for 4-bromo-2-methyl-3 phenylisoxazol-5-one cK mpared 


with the 2,4-dimethyl analogue in water and cyclohexane. More surprising are the 


larger shifts of 19-28 mu for 4-bromo-4-methyl-3-phenylisoxazol-5-one compared 


with the 4,4-dimethyl analogue, and the second band found for the former compound 
above 210 mu. This effect is presumably due to some specific interaction between the 
bromine atom and the phenyl ring (cf. Ref 17); the further large shift for the 4,4- 
dibromo-analogue (Table 1, No. 13) also indicates this. On the reasonable assumption 
that the spectrum of 4-bromo-5-methoxy-3-phenylisoxazole would be similar to that of 


its 4-methyl analogue, Figs. 7 and 8 show that 4-bromo-3-phenylisoxazol-5-one exists 


7 J. W. Smith and S. M. Walshaw, J. Chem. Soc. 3784 (1959). 
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4 A que Etha thyl et Bea: ulphuric 
acid D yi et ( é xane—diethy! ether 1:1 
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¥ 
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| Aqueous solutions; | 8. Cyclohen 
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predominantly as a mixture of € H and NH forms in aqueous solution but as the CH 
form in cyclohexane 

Infra-red spectra. Infra-red spectra demonstrate: (a) §-hydroxy-3,4-dimethyl- 
isoxazole exists as such in the solid and in chloroform solution, (b) 3-phenylisoxazol- 
$-one exists in the CH form in the solid and chloroform,(c)4-methyl 3-phenylisoxazol- 


Sone exists as the NH form in the crystal, as a mixture (ca. 1:2) of NH and CH forms 


in chloroform. and mainly as the CH form in tetrachloroethylene, (d) 4-bromo-3- 


phenylisoxazol-5-one exists as the NH form in the solid but mainly as the CH form in 


CHC! 
These conclusion reache omparing the detailed spectra of the potentially 


tautomeric comp is with tho cNoOV t tur The spectra of compounds of 


the isoxazole structure are d sed \ those of 2H- and 4H-1soxazol-5-ones 


n 
are recorded in Table 


Some 2H-isoxaz ones oO’ al tion iloroform as two partially 
resolved bands at | 7 } n the cau s splitting is notclear. The position 
is stron polar solvent C.Cl,, absorption 


1760 s behaviour ts characteristic of 


cn 
ly polarized ¢ grou t ring frequency. essentially is 
ution and at somewhat 


modes and two ( H defor 


as expected.” The 
to the band) at 


45). 1197-1140 (35-60) 


and | yecaus . an appear in all the compounds Bands 
found n } thers } compounds, were assigned to 


corresp 


4H-lsoxazol-5- \ it 93 cn 10-600) except 
that the ic! eri ind 13 rol in O group The 
on 

roup Other 

940 (5-25) 


mulated as the 4 libron lcrivative (XVI). Subsequently, formula XVII was pro 
posed* because tl sound liber equivak in neutral solution 
The infr: 1 sy ble 3 learly confirms the onginal formulation 
(XVI): the chemical ev! ecan | ynciled with this, for bromine in X VI would be 
expected to be more i that in XIV. (R Br) 


*L. J. yand R. 1 
A. R. Katritzky and J 


> 
; 
a hig 
shown 
lower frequencies in the solid phase. Four ring stretching ee ie 
mation modes are shown tor the nonosubstituted Denzene |! 
tself nt 
2H-isoxazol-5-one ring appar absorbs adgdailiol 
and 900-872 (280-380). Most of the other bonds could be satisfactorily assigned to 
Dibrominatior f phenvlisoxaz S.one vields a compound originally lor 
Br 
N NB: 
Williams, Proc. Roy. Soc. A 285, 22 (1960) 
M. Lagowski. J. Chem. S 4155 (1958 
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The infra-red spectrum of 3,4-diphenylisoxazol-5-one (KBr disk) has been pub- 
lished by Scarpati and Speroni*’. A very strong band at ca. 1680, with a shoulder at 
ca. 1690 cm~ and other bands at ca. 1600 (s), 1470 (m), 1340 (w), 1070 (w) and 990cm~! 
(w) show that this compound exists in the NH form in the crystalline phase and not 
the CH as earlier supposed.* The absence of strong absorption near 1800 and 880 cm . 
supports our conclusion. 

Basicity determinations. Difficulty was encountered in applying the basicity 
method to the determination of tautomeric ratios in this series. Titration in aqueous 


TABLE 4. BASE STRENGTHS OF ISOXAZOLES (pK, OF CONJUGATE ACID) 


0-2 M solution 0-38 M solution indicator 


Isoxazole 0-04 0-02 A 

3-Methylisoxazole 0-02 0-03 A and B 

S-Methylisoxazole 0-01 5 0-05 A and B 

3,5-Dimethylisoxazole 0-02 0-02 
3,4-Dimethyl-5-methoxy-isoxazole 0-01 
.3,4-Trimethylisoxazol-5-one 0-01 
.4-Dimethyl-5-hydroxyisoxazole 

* Means of 3 or 4 determi 


* B represents 4-chloro-2 1itropheny!l) 


morpholine, pA 


Single readings, estimated errors 0-05 


solution could not be used as the basicities were too low. Usually the spectrophoto- 
metric method was inapplicable because of insufficient difference between the spectrum 
of the base and cation. Titration in non-aqueous solvents was avoided on account of 
the difficulties in relating the results to aqueous solutions. The indicator method of 
Lemaire and Lucas*! 
base together with half an equivalent of a strong acid. If the compound is considerably 


Was used it consists 1n preparing a solution in acetic acid of the 


more basic than the solvent, the solution contains equal amounts of the base and its 
conjugate acid; if activities may be equated, then the acidity of the solution 1s equal 
to the pX, of the base Addition of a known small amount of a suitable indicator 
allows the determination of the acidity of the solution using the indicator spectrum. 
It was difficult to prepare solutions of perchloric acid in acetic acid free both from 
acetic anhydride (a powerful acetylating agent) and from water; therefore, sulphuric 
acid. treated as a monobasic acid, was used. (Some determinations were made in 


nitromethane in place of acetic acid. but concentration effects were found to be much 


greater). The values obtained (Table 4) varied with concentration, but values at the 


same concentration should be comparable. In the case of 2,3,4-trimethy lisoxazolone, 
a value of —1-58 ‘Ol was obtained by the spectrophotometric method (1-3 10-3 
M): this is in reasonable agreement with the results in Table 4. 

As no base strengths of simple isoxazoles appear to have been reported, isoxazole 
and some methyl derivatives were measured. Isoxazole is a base of approximately the 
same strength as water (pA 2-35).*4 Substituting O for an adjacent 

CH=-CH~— in pyridine thus lowers the basicity of the nitrogen atom by ca. 7 pK 


2° R. Scarpati and G. Speroni, Gazz. Chim. Ital. 89, 1511 (1959) 
21H. Lemaire and H. J. Lucas, J. Amer. Chem. Soc. 73, 5198 (1951) 
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units. Isoxazole is a weaker base than pyrrole (pA 0-27)** although the aromaticity 
of pyrrole is destroyed on cation formation (XVII1)™ but not that of isoxazole (cf. 


XIX) Methyl groups raisc¢ the basicity of isoxazole by 2—-5 units, as expected. 
However, the basicity of 5-hydroxy-3,4-dimethylisoxazole 1s lowered -8 unit by O- 
methylation and -6 unit by N-methylation. This result is unexpected, as is the small 
difference between the basicities of the two methyl! derivatives in view of the large 


preference for the hydroxy-form shown by 5-hydroxy-3,4-dimethylisoxazole 


TABLE 4 NGTHS OF ISOXAZOLON 


}-Substituen Me 
4-Substituent Me 
pA 61 
Standard deviation 0-15 0-02 0-1 


photometric 


OMERIC 


RO OH 
00". CH 
CH 
CH 


The measured pX values for the isoxazolones as acids are recorded in Table 5: 


considered as analogues of phenol (pA 9-95) they are remarkably strong acids, com- 


parable with carboxylic acids. In 1892, Hantzsch and Miolati* found pX 4:27 for 


3-phenyloxazol-5-one by a conductivity method 

Conclusions. The results of this investigation are summarized in Table 6. Obviously, 
the balance between the various tautomers is a delicate one, and may depend on meso- 
meric, inductive, and steric effects. It is not possible to generalize on the basis of the 


four compounds so far studied further work ts in hand 


EXPERIMENTAI 


Petroleum ether refers to the fraction of b.p. 60-80°, unless otherwise specified 

5-H ydroxy-3,4-Dimethy ) le This was crystallized from water and sublimed at 125° 0-1 mm 
and had m.p. 125-126" (lit.' m.p. 123-124) 

3.4- Din thyl-S-methox yisoxazole Ethereal diazomethane (ca. 0-6 v) was added to 5-hydroxy- 
3,4-dimethylisoxazole (2-0 g) until the yellow colour persisted. After 5 min, the ethereal solution was 
22 Naovi ar ). Fernando, J. Org. Chem. 25, 551 (1960) 


727 R J. Abraham. E. Bullock and S. S. Mitra, Canad. J. Chem. 37, 1859 (1959) 
*% A. Hantzsch and A. Miolati, 7. Phys. Chem. (Leipzig) 10, 19 (1892) 


% 
4 
H 
N rv ( 4 
XVII 
MOLE 
Method spectr( 
titration 
TABLE 6. THE NATURE OF ISOXAZOL-5-ONES 
C ycione.x hio ) Agqucou Solid 
positions solulo ome: 
; 4 | IR) IR (UV) (IR 
Me Me 8° OH 80°. OH OH 
Ph H 98°, CH 0°, CH + 30%,NH CH 
Ph Mc 90°. CH 10°. NH 0°, CH 10°. NH 10°. NH NH 
Ph Br s CH 0°. CH 10°, NH | 20°, CH Rt NH NH 
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shaken successively with 2 N HC] (10 cc) and 2 N NaOH (10 cc), dried (MgSO,) and distilled to give 
the isoxazole (1-1 g, 50°.) b.p. 100° (bath)/15 mm, which formed prisms (from petroleum ether) 
56°5; H, 7:5; N, 10-6; MeO, 23-5. CyH,NO, requires: C, 56-7; H, 7-1; 


N, 11-0; MeO, 24-4°%,) 
The neutral silver salt! of 


m.p 32-34 (Found: ¢ 
ydroxy-3,4-dimethylisoxazole (1-6 g} was refluxed for 2 hr in ethanol 
filtration, solvent was remov ré iltrate and ether 
N NaOH (2 dried (MgSO,) 
n @). s own to be crt 1-red spec- 
10 was D\ itment S-hydroxy-3,4-di- 
methylisoxazole with methyl iodide and sodiun 10) 1 the preparation of 2,.4-dimethyl-3- 


(10 cc) with methyl iodide (1 After 
(20 cc) added to the residue solution was extracted 
and evaporated, to give a I 


trum. The same methoxy-c ympound (ca 


phenylisoxazol +-One 


5-Methoxy-3,4-dimethylisoxa mixing 


with saturated aqueous ¢ 
N, 4-4. C,H,NO 
4- Dimet/ -) 


emoved 


extract 
isOoxa 

af crys 
OMe, 0-0. C,,H,,NO 


5-Methox y-4-met! idded to a suspen- 


me (4-0 9) tion was then 


sion of 4-methyl-3-phenylisoxaz Ol 

shaken with 2 N HCI] (20 cc) and 2 N NaOH, (50 cc), tl ler evay an e residue distilled 
3 times (bath 105 ; 0-05 mm) and crystallized from light petroleum (b,] methoxy- 
2°5 ) had m 30-32 (Found: C, 70-0: H, 6:5: N, 


compound (O-1 
4- 4-Bromo-3-phenylisoxazol-5-one (m.p 120-121 


2 
; 
4 lum chioride, whicn crystallized a needles (F< und a 22-4: H, 3-7: 
vise 1.0 requires: C, 21 H, 3-4; N, 
isoxazol Diazoethane and 5-hydroxy-3,4-dimethylisoxazole gave the 
7 ethoxy-compound (80°,), b.p. 110° (bath)/15 mi Found: C, 59-¢ H, 8-1; N, 9-4; C;H,NO 
requires 59-¢ H, 7-9 N, 9-9 
2 34 / N Met il l6¢ (40 cc is added 
during hr to ny | tal } (100 cc) I tic 1 (1 cc) at 25 The : 
le xed 4} R f the f 12 145] 1< rave 
4 the a 1-1 OX crysta ed e-petroleum ether 
(ca. | 1) ( H i: N. 10-8 
Las > 123-124") 
MeSO,) extract f the residue e the isoxazolone (4-4 g, 61°%) 
S-Met/ y-3 7 Prepared f and methane, this 
comp 1 (m.p. 76-77 2 crysta fre t petroleun dentical with a sample 
ment), by the infra-red spect: I d: MeQ, I Calc. for C,,H,NO MeO, 17:7 
tion of 2,4-dimethyl-3-1 y i 5 ivi 80 ch did t solidify in 3 weeks 
The fra-red spect d that it ta d 2-methyl-3-phenylisoxa S-one d 5-methoxy-3- 
phe pl ca. ¥ 
2 Dis ize Methy lide (l6¢ 70 idded to 4-methyl-3- 
phenyl! Xa70l-5-one thanoll od xide (from g Na and 150 cc EtOH) and the 
whole refluxed in 1} hr. I ic sodium et de ( 2 g Na and 40 cc EtOH) and methyl iodide 
to ca. 80 /15 mm, water (50 cx ided, and the ‘ er-extracted (2 40 cc The ethereal 
vil >N NaOH (50 cc dried (MgSO,) 1 the ether evaporated t rive the 
cy ted edies denzene—petre her (c 2),m.p 
llizations and sublimation at 80 /0-05 mm (Found: C, 70-3: H, 6-2: N, 7-4 
wires: C. 69-8: H. 62: 7-4°%) 
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ereal diazomethane (ca 
0 


H.BrNO, 


; 
a4 
: sO 
evap il the ive the N-smethy ccd 106-10 irom 
ether -pet ether (ca d: C, 47-2: H, 3-3; N, 56. C,,.equires: C, 47:2; H, 3-2 
4 ‘a B c U cc) was added ve 
‘ 0 O<« Thy <ture rmed t 
“ 424 H 5: N, 64 
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Abstract — Infra 


typical ami 
by known n 


Part I 
Bei 


A 
Receive 23 
L lity tr xa prot ed e ring 
recorded 
' ALL amino-isoxazoles are potentially tautomeric: 3- (1) and 4-amino-compounds (III) 
ee are each in equilibrium with one in form. Il and |[V respectively, and 5-amino- 
compounds (V) are in equilibrium with two imino-for VI and VII. These possi 
bilities have long been realized—in Beilst the compounds ar issified as imino 
derivatives of the ponding Dut litte Geninitive ¢ lence as to the 
ot 
predominating structur ava For tl Auwers ef a rgued that 
chemical evidenc flavour! ati il nm tf \ rather than Vi mino 
forms of type VII were apparently not considered] for the 3-1 nd 3,4-tetra , 
methylene compounds.* Physical methods | t been applic pi ov vith the 
exception of ir exXaitatior \ u ence 
Acctan do-1soxazol could snow taut ner ] i ne 
imimno-compound 
NH HN 
= 
NH N N 
N N NH 
HNN Cc HN 
VI 
Following our work on potential 5-hydroxyisoxazo ve | estivgated 
o- and acetamido-compounds of each type. Compounds w prepared 
vethods (see Tables | and 2) Attempted reduction t imine Ugo 
letrahedr 12, 41 61) 
n, Hau 27 p. is 
AK. Auwer H.W ¢. B 67, 648 
v. Auwers, T. Bahr and E. Lie | 441, 


4 J. Bourton and A. R. 


4-nitro-3.5-dimethvlisoxazole with stannous chloride became uncontrollably violent 


(cf. ref. 5), but amalgamat iminium 1 moist ether 


er was satisfactory.‘ 


substituted tsoxazoles 
showed that all b: substituents o1 
studied 

be assigned 


Spectra ol 


extinction 


NH stretching region, at 3485 
|. cols. | and 2). If the 4 and 
(1V) and 4H-isoxazol-5-onimine 

wi d have to be assigned to 


by showing that 


amino-3.5-dimethyl and 


3- and 5-amino- 
s (\ Il). re- 


to the hydrogen 


hydrogen ittached Lo 


conditions used, of roughly 


i 
to the amino- (Table |), acetamido- (Table 2), or other substituents.’ [Xx 
0-185 M chlorofort lutions were measured in0-108 mmcells and apparent 
coetiicients are recorded 4 
\ H NH 
‘ 
NH M 9 38 | 
NH | +s 4 44 ; 12 
P > s< i4 
M Mc NH ¢ +4 
The amino- compounds all show two bands tn the 
: 3390 cn 5) 1 2300) 330 cm {14 85) (Tab 
te) (VI respec cry a H res 
hydrogen-bonded and free mol es. This possibility was excluded ZZ 
the relat ntensities of the t bands were unchanged for 4- i /_ is 
‘ 
compounds existed in 2H-isoxazol-3-onimine (Il) and -5-onimuine 
: spectively, one of the two bands in the rNH re would be duc 7! 
sttached to the cyclic nitrogen and the other to that attached to the exocyclic nitrogen. 
This possibility wa xcluded by deuteration experiments When 3-amino-5-pheny! 
ind 5-amino---met soxazole were separately di! ved in deuterium oxide and the 
compound crystallized out or the solvent evaporated, the . 
thea 
‘ nitrogen was replaced by deuterium to an extent, under thc ii 
G.T.™M H. B Soc. 119, 699 (192 
A. M. I R 
H. Kan K.O inn. | R 7,119 ( {hstr. $1, 17889 (195 
H.K P ) 
: Pr. 3. B f ( 47, 105 893 
M. Wuest S.P 430.094 1 42, 1610 )4R) 
4. fan. 266, 324 
H. Kano, J. Pharm. S j 72. 1118 (1952) 
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80 per cent , as evidenced by infra-red intensities. For 80 per cent exchange the pro- 


portion of ND,: NHD:NH, molecules would be 64:32:4. Bands due to ND, and 
NHD molecules could be clearly distinguished :- 


Substituent 


The bands due to the NHD groups absorb at frequencies between those of the NH, 
| | 2 


and ND, groups respectively this proves that the two hydrogen atoms are similarly 


placed; for the alternative possibilities mentioned above no distinct bands for NHD 


molecules would be found 

For aromatic amines, the position of each yN—H band rises as the attached ring 
becomes more electron accepting; the apparent extinction coefficients also increase 
that of the symmetrical vibration the more markedly.” The mean frequencies indicate 
that the 3- and 5-positions of the ring accept electrons much more readily than the 4- 
position The mean intensities are in the order 4 3 5 and the variation ts greater 
for the symmetrical mo howevel! le intens! for the 3-amino- compounds are 
probably lowered by intramolecular hydrogen bondins f. 2-amino-pyridine),” these 
results are thus not inconsistent with the frequency variation 


region (Table |. 


The amino- compounds usually show two bands 1n the 1600 cm’ 
cols. 3 and 4) which are attributed to the NH, scissor and a nuclear mode of the isoxa- 
zole ring.’ However, tl ‘ncy and intensity of the ring mode in the deuterated 
compounds show that the two modes in the non-deuterated compounds can become 
highly mixed 

4 weak to medium band tn the 1240 cm™ region is presumably the r¢ N 
mode* (Table |, col. 5). The other bands (¢, 10) could, with few exceptions given a 
footnote, De ion to the ring or other substituent(s) 

The NH-stretching regio trum j mplex for the acetamido- compounds 


in 0-2 M solutior le 2 2. 3). ‘xamination of 0-02 M solutions (Table 2 


col. 1) shows that one band is due to free » NH and the others to intermolecular hydro 
gen bonded 3 as is often found.* All compounds show the rC--O, Amide Il, and 
other bands associated with the acetamido- group;” the overall spectra afford strong 
evidence that thes mpounds exist predominantly in the acetamido- forms 

Ultra-violet spectra of neutral amino-isoxazoles and their cations in aqueous 
solution are recorded in Table 3. The 4-aminoisoxazole cation has a spectrum resem 
bling that of 3,5-dimethylisoxazole (/,,,. 214 my), showing its structure to be VIII; the 
hathochromic shifts which occur on cation formation by 3- and 5-amino-isoxazoles 
show that their structures are of the IX-X and XI-XII type respectively 

Basicities (Table 3). 4-Amino-3.5-dimethylisoxazole is a base considerably weaker 
than aniline (pA 4-58) showing that the isoxazole ring even at the 4-position 1s 


more electron accepting than the phenyl Amino groups in the 3- or 5-positions 


Pe NHD ND, NHD ND, 
yN Hi yN D yN D syn yN D 
cm cm cm cm 
NH PI 3410 2580 2525 2480 
2500 
Me NH 4445 2605 2540 ss 
2470 


The tautomerism of heteroaromatic compounds with five-membered rings—lIl 


+ 


Me NH, 


XII 


increase the basicity of isoxazoles! by ca. 2:5 pK units; for comparison, 2- and 4- 
amino-groups increase the basicity of pyridine by 1-7 and 4-0 pK units, respectively. 

Nuclear magnetic resonance spectra.* The N.M.R. spectra of 4-amino-3,5-dimethyl- 
and 5-amino-3,4-dimethyl-isoxazole were examined in aqueous and chloroform 
solutions. The two methyl groups of the 4-amino- compound showed as sharp 
absorption bands at chemical shifts (r values) of 7°84 and 7-91 in water,? and at 7-90 


TABLE 3 I ULTRA-VIOLET SPECTRA AND BASICITIES OF AMINOISOXAZOLES 


Substituent 
al 
2NH,SO, 


positions Cyclohexane 


12 


~ 


and 8-00 in chloroform. and those of the 5-amino- compound at 7-94 and 8-36 in 


water,t 7-97 and 8-35 in chloroform. The amino- groups gave broad bands in the 


chloroform solutions, the 4-amino- group at 7-32, the 5-amino- at 5-37 p.p.m In each 


case the aminoisoxazole rather than the isoxazolonimine structure or VI was shown 


by the absence of splitting of either of the resonances due to the methyl groups, and by 


the absence of absorption attributable to a lone proton « toa methyl group 
General conclusions. \t appears to be a veneral feature of tautomerism in hetero- 


cyclic compounds that the tendency for amino- compounds to exist as such is con- 


siderably greater than that for the hydroxy-analogues.!’ As there is little difference 
between the stabilities of the various tautomers for 5-hydroxyisoxazoles,' it is then not 


unexpected that 5-aminoisoxazoles exist in the amino-form. 


icknowledgement ‘ > very vrateful to Dr H. Kano 


tes 4300B 


These spectra wer 
40 Mc with flux sta sation and samp f v The chemical shifts are quote parts per million on 


measured f itanol (7 5) as ternal standard 


55 
N NH NH 
Vill x x 
4 > 
NH + 4. NH 
: HN 0 HN 
| 
4 : 
3 4 5 A(mys) A(myp) pK, 
NH H Me 209 6820 8040 0:47 0-02" ‘ 
Me NH Me 239 «43020 274? 3760 4710 3-8 0-1 
, Me H NH 227 4820 239 9210 12,200 0-64 0-01" 
; Me Me NH 233 6380 244 8230 205 «613,800 1-16 0-014 
: > by the titration method (est ited standard deviation of a tle 1 ling) ‘ 
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In the present work the synthesis of the four 1,3-dihydroxy-2-aminoeicosanes (IIb) 
was carried out by the route indicated in Chart |. The starting material was octa- 
decanal-! which was prepared in 66 per cent yield by the Rosenmund reduction of 


Addition of nitroethanol to the aldehyde thus obtained in the 


stearoyl chloride 
presence of potassium carbonate furnished a mixture of DL-erythro- and DL-threo-],3- 


dihydroxy-2-nitroeicosanes. Both nitrodiols A and B could easily be separated due to 


ited and 
ind B (DL- 


ckel catalyst. 


purified 
eryvthro-isomer) were nydrogenated 
Very good yields of pure threo-1,3-di xVy-2-aminoeicosane were ained, while 


liol 1 the racemic amino- 


the erythro-aminodiol was purified less 


diols were best purified by converting them in > sparingly soluble oxalates. 


[reatment of the latter with potassium hydroxide followed by extraction with chloro- 


form furnished the analytically pure bases 


Oo 
CH.(CH.) C CH,—CH 
H NO, OH 
CH. OH CH.OH CH.OH 
‘ NO O.N +4 NO H 
H OH HO H HO H H OH 
(CH.) (CH (CH.,) CH.) 
CH ‘= CH 
UL-eryt DL-thre 
H OH H 4 
NK HN WH Ni} H_N 
H HH H H 
eryti thre 
; the different solubility in a solvent 1 ture ether—pentane I ss soluble threo- 
‘ isomer was obtained in an analytically pure condition. The yield of sep _ 
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The base obtained from the glutamate IV (m.p. 155 


-Erythro-| ,3-dihydrox y-2-aminoeicosane 
85-90", [x], 99° 


167°) was recrystallized from acetonitrile; colourless powder, m.p 
(c, 0-534) 

Equal amounts of both enantiomeric erythro-bases were mixed and the mixture was crystallized 
73 and showed no depression with the starting racemic 


from methanol. The product melted at 70 


base 
Dihydrosphingosine 


N NaOH and the free base extracte 


Crude sphingosine sulphate isolated from horse brain was treated with 
1 with ether After crystallization from acetonitrile it melted at 


90-92°: [x], 
Triacet yl-d Prepared as described above ar ; from acetone it melted at 


91-94": [a] 1° (c. 0-83) 
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keto acids or diketones or (2) a var 
of ethyl acetoacetate is proposed and the 


lished 
RCOCH 
the labile halogen atom being readily subst 


OAr, OAIlk, SR, etc.) The 


pounds possessing labile hydrogen atoms, yields polyfunct 


}-CHLORVINYLKETONES, 


of p-cnil 


reaction 


highly reactive ketovinyl group. This ketovinylation, or 


and B. 


Ethyl malonate an *thyl z toacetate nave, however, 


hesis of either (1) u 
A mechs 


of the ketovinylé 


rinted in Northern Ireland 


COMPOUNDS* 


P. GOTTICH 


-dicarbonyl compounds with only one labile 


in the formation of 


been successfully keto- 


acids ar produced in high vield 


kyl salicyclic acids 
yn products of 
nsaturated aliphatic 
inism vinylation 


lation products estab- 


CHCl, are easily prepared and highly reactive,’ 
tuted by different groups (1, SCN, NR,, 
orvinylketones with $-dicarbonyl com- 


tional compounds with a 


the introduction of the 
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P| e conditions of ketovinylation of ethyl acetoacetate ’ 
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pyrone derivatives : 
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Ketovinylation products of dicarbonyl compounds are therefore useful starting 
products for the synthesis of a variety of pyrone derivatives. 
In conclusion, starting with z-pyrone derivatives, namely with 6-alkyl-3-carb- 


ethoxy-x-pyrones, we succeeded in obtaining formerly unknown vinylogs of $-keto- 


acids. This synthesis is possible due to our new method of opening the «-pyrone ring.'® 


It has been shown that the reaction of 6-methyl-3-carbethoxy-x-pyrone XI and aniline 
leads to the opening of the ring to form «-carbethoxy-d-N-phenylaminosorbic acid 
17 N. K. Kochetkov and B. P. Gottich, J. Gen. Chem. U.S.S.R. 29, 1324 (1959) 
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Heatur esters Of 0-Kcto- acvl- insaturated ac ds (11) vith mineral acids (best 
of all with a mixture of hydrochloric and acetic ac gives rise to 3,6-disubstituted ; 
r-pyrones (X) in a high yield It has been shown" that the reaction procecd 
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In all cases ol acidic degradation investigated no keto! 
The pyrone de! lives are St readily produced tro 
ethyl malonate, that is from esters of d-keto-x-carbethoy 
The latter are cyclized to esters of 6-substituted pyronec: . 
action Of various acidic agents a Vell aS al ecievated tel 
ant sity tine | 1) tate 
presel sOla in a pure Stale as 
tives are readily produced. Compound X| is best prs 
anhydride and acetyl chloride, it not being necessary to purify I first.’ 
: ar 
COOE?t 
> 
XI 
CH.). COOH 
CH 
R 
C 0 0 0 
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(XII, R = CH,) which, on careful heating decarboxylates to 6-N-phenylaminosorbic 


acid (XIV, R CH;). The latter on treatment with dilute acids, splits off aniline 


giving ethyl-5-keto-hexene-3-oate (XV, R = CH,), a vinylog of ethyl acetoacetate. 


Similarly, other 6-alkyl-3-carbethoxy-z-pyrones give rise to vinylogs of esters of 


6-ketoacids (XV R C,H., n—C,;H 


1] 


EXPERIMENTAI 


Ketovinylation « ‘ / ic acid ) a suspensi of sodium alkylmalonate 
(0-2 mole) in benzen cooled wit olution of hloro keton mole) in dry 
benzene (100 cc) was gradually added (1 hr) wi [ eg and the reaction! { then refluxed for 2 
2h hr atm vith wat nd turther I Vill tI ivent was removed and 


) malo- 


prodt 


nates | 


acids, and 
methylacetoz re Was acniey ind I i } n he constants, yields, and analyses of 
the products « 

Ketovinylation o f oI cine aiid medone In contrast the sodiun derivatives 


of cyclic /-diketones were pr n absolute methanol, the alcohol substituted by dioxan and twice 


TABLE 2 R 


RCOCH=—CHC(CO,Et) 


204-205°/4 mm m.p 


H 
NH CO.Et 
COOH R COOH 
NH N 
4 
> RCOCH=CHCH.CO.Et 
R 
co Et 
N q 
CH XV 
XIV 
4 
the 
y ( H 
N R R b.p i; ny 
Found Calc Found Calc 
CH C.H 56 125-126°/2 mm 1-0598 1-4543 61°33 60-9] 7-95 7:87 
61-41 
2 CH C,H 56 163°/8 mm 10437 1-4553 62-36 62-19 8-27 8-20 
62°42 8-36 
: 3 CH C,H, 35 154—-157°/4 mm 1-032¢ 1-4559 63-10 63-35 8-59 8-51 
63-07 
4 C,H, C,H 94 169-171°/9 mm 1-0350 1-4575 63-27 63-35 8-64 8-5] 
63-35 8-62 
5 Cit. C,H. 70 177-178°/1 mm 0-9901 1-458] 68-12 67°76 9-66 9-66 
67-92 9-53 : 
6 GH, C,H, 6 39 68:84 68-66 751 7-28 
68-84 7-41 
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Taste 3. CH,COCRCO,C,H 
CH-—-CHCOR 
Analyses 


Found Calc 


USSO 


0415 


refluxing and cooling for 4 hr, the 


acuo The oils gradually 


and analyses of compounds 


To magnesium | activated with iodine, a mixture of abso- 
lute ilcohol (25 cc): | alons (33-6¢ 


y ad eating if necessary to start the reaction) 
and ‘radualily more aico ol (100 cc) was adde a with at : mtl a solution was obtained Alcohol 
then removed in vacuo and the residue dissolved in toluene (100 g) To the ethoxymagnesium 


hlorovinviketone (0-15 mole) was added with stirring and 


Was 


malonate cooled t 10 


Cold water (100 cc) and 


left overnight 


ync hydrochloric acid (25 cc) were added, the organic layer isolated and the 


; 
7 
R R D.p Ny, Yield 
CH 108-110 /1 mer 4670 64-5 C 63-71 C. 63-91. 63-84 
ee H 8-02 H, 8-07, 8-12 
C.H 115-117 mn | 1 -4665 56°5 C 64-97 C, 65-32, 65:20 
H. 839 H 7-99, 8-05 
C.H CH 190-122 mn 10270 4657 64 C. 66°11 C. 66°02, 65-89 
H, 872 H, 853, 8-56 
n—C,H CH 125-126 /1 0274 | -4662 C 66°11 C, 65-98, 66°13 
H, 872 H, 8:77, 890 
C,H CH 129-15 2 mi | -4660 4 C, 67-13 C, 66°97, 67-01 
H, H, 9:39, 9-42 
CH CH ; | 0007 1:46 68-06 C. 68-30. 68-56 
H, 928 H, 948, 940 . 
CO.C.H 
TABLE 4 
CH CHCOR 
Analysis 
i 
Hi H 
H H 8-18 
H, H, 45 6 54 
CH 64/41 64 ‘ 
H H 4s 
H 68-169/2 $868 C.F C. 
H, § H, Si, 
H H 94 RY 
precipitate was filtered off, the vent removed and the residue distilled ee 
crystallized and were recrystallized from dry ether. Constants, yiclis, 2s 
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CH, 


TABLE 5 CH,COCCOCH, 


CH-—-CHCOR 


y ield 
10609 


| -0400 


water layer extracted with toluene { rer ving the solvent, the residue was distilled in vacuo in the 


presence of hydroquinone. Constants, yields, and analyses of the substance obtained are listed in 


Table 7 
Ethyl 4-alk ylsalicylate To a boiling mixture of ethyl acetoacetate (260 g), ground potash (30 g), 
and absolute toluene or xylol (100 cc), a solution of /-chlorovinylketone (0-2 mole) in 100 cc of solvent 


was added dropwise during 8 hr, heating continued for 1 hr, cooled, the residue filtered, washed with 


benzene, the filtrates evaporated and ethyl 4-alkylsalicylate isolated by distillation. The yield and 


constants of compounds obtained are listed in Table 8 


71 
Analyses 
R b p 
) ind ( 
CH 100-101 /1 mm C. 65-91 C. 66°27. 66°12 
H, 7-80 H, 7:78, 7:79 
C.H 106-107 ’ 1822 14 C, 67-32 C. 67-56. 67-34 
H, 8-22 H, 824, 8-14 
C,H 116-118 10215 1798 59 C. 68-4 C. 68-86. 68-82 
a H, 8-63 H, 8-82, 8-76 
R R 
oO O 
CH CH—CH—COCH 
Analyses 
| R b.p m.p Yield 
: H 147-154 /4m 61-63-5 C, 68-02 C, 68-26, 68-53 
H, 7:26 H, 7-43, 7-44 
CH 147-149 /2 mi 37-38 35 C, 70-24 C. 70-54. 70-65 
H, 811 H, 8-35, 8-25 
TABLE 7 R—CO—CH ~CH—CH(CO.C,H 
MRD H 
N ik y > 
> C,H +4 14/2 mr 1-4 0-48 49 
C.H 67 1)-93/0-06 mn 458 65-4 65-09 60-9 7 4 
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CO.C,H 


Taste & 


ground 


H,.O.S req 
yellow necdies 
14-35 ofa 
showed a depression 


Caraye 


? refluxed for 30 min 


alkenv!)-malonate (0-12 mole) was gently 


(1935) 


I Beute, Rex Tra 54, 167 


2° H. J. Backer and A 


= 
R OH 
N R Yield b p d, Ny, 
CH 39-2 129-132/11 mm 1-0915 15174 
? C.H 18 141-142/15 mn 1-0784 1-516? 
17 138-140/6 mn 1-OR 36 1-5165 
Ethy 2-methyl-3,5 ace To a mixture etny wetoacetate (260 g), finely 
inhvdr potas ad at te benzene SO cx ethy chlorovinylketone (133 ¢; 1:3 
noles) was added d 4 r ti After reflux r4 Nate 250 cx was added, the 
: benzene layer separated, the t« ver extracted w ether, the cx bined extracts evaporated and 
ethyl 2-methyl-3,5-diacety! De te dis d by mm, yield 120-5 (81°,) 
After seed the « 1cr i ed, m.p. ¢ gd was re t ed first from petroleum-cther 
benzene and then from aque : ett I d: C. 68-05, 67-97: H, 6°57, 6°52. C,,H,.O, 
requires ( 67-76 H. 6 49 
Ethyl 2-methyl-3,5-dib ne ile Wi sin riy oot ed in vicld, m.p. 104 trom 
aquec col C, 77-79, 77-58; H, 5 $2. C.,H..O H, 5-4 
Oo a f meti 820 oc) 
acu er-b $0200 « ed th ric acid and 
abs te ak Sx " d dro H 7-7-5. After 2 day ya 
chior c acw the 80 SO Alter the a re 
cry i cul the cl was Lit Lp. 
} +44, 43-2 HOC reg ( 
-ketobuteny d to Kocheth \ rradova S4 vield 
np. ¢ 1? va btained ct ilcohol the presence 
of corn ' rK da ‘ mn. 215-216 and ed from ethyl acetate. (Found 
143. NOS requir N, 14°35 (int d spectra, see Fig. 1.) Two lg 
mpl eny }-ketobuteny were cach added | pic benzene (7 cc) in quartz 
amp d exposed t tr ct mt tor SO hr ee Fig. 2 One tube was then broke ind the 
ae benzene ren ved in rac From the residue, a colourk ) { if red spectra of the imple are given : 
; n Fig. 2) the riginal pneny (3-ketobuteny sult me grad y crystal ed The second ampoule 
was broken alter exposure t tra-v et heht for 100 hr T} yroduct was a vellow non-crvstallizable 
oul fra-red spectr f the sample are given in Fig. 2)7 1-5560. (Found: C, §7-65, 57-40; H, 4°83 
§7-12: H, 4-72°,). The 2,4-dinitrophenylhydrazone was obtained as 
from ethyl acetate. (Found: N, 14-24. C,.H,,N,O,S requires: N 
with 2,4-dinitrophenylhydrazone produced from the starting sulphone 
ra-red spectra of the 2,4-dinitrophenylhydrazone are shown Fig. | 
toalkenyl)-malonates the presence ¢ ainda r-Alkyl-x-( 3-keto 
in 2 solution of potassium hydroxide 


, 
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Infra-red spectra 


after 


Wovenumber . 


eny!)-suiphone Il and Ill sulphor 


ght for ind 100 hr respectively 


4 
100 
| 
| 
} Infra-red spectra 2.4 razone of trans-pl }-ketobuteny])- 
| 
| 
| 
| 
| 
| 
| 4 
| 
4 
| 
4 
| 
5 900 800 700 
cm 
action of ultra-violet || 4 
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dissolved 
i4 


R-COCH CHR CO.CH 


| 
& 
(26 nun water After 1 hr it was filtered, the filtrate evaporated in vacuo 
200 cc w d, acidified with 10 rvdrox ric ack pH 3.4, extracted with ether, the ether ¢ ee 
ret ved and the d cd is mu Yields, « st d analyses of compounds obtained 7 
are sted Table 9 
MEAD H 
. 
| 0 
\ 
( 
H, H, § 
H } f H 
RCOCH -CHCHICH, )COCH 
r y df 
d Cak 
CH in 99079 16s 54 68-2). 
H, 863 H, 8-52, 862 
C.H 82-83 /I mn 0-9809 14748 65 C, 70-10 C, 69-92 
H, 9 15 H, 938 
CH 87.885 mm 0-9648 14723 C, 71-39 C, 71:22, 71-44 
59 H, 60. 9 BY 


Ketovinylation of /-dicarbonyl compounds 


Unsaturated 6-diketones. To potassium hydroxide solution (0-13 mole) in water (65 cc) methyl- 
-ketoalkenv!)-acetvlacetone (0-06 mole) was added, the mixture being stirred at 10—-15° for 20 min 


acidified with 50 sulphuric acid 


the residue distilled 


x-Ethyl-x-(3- 


hyd 7 
c hydrochioric 


eous. The 


acted with 


the 
a oa An oil separated, the water layer was extracted with ether, the ether removed a 
ee in a nitrogen atmosphere in vacuo. The constants, yields, and analyses of compounds obtained are 
listed in Table 
+. 6- Disubstitut ¥-pvrone 
pathe f alky yrones from 2-ethyl-x-(3-ketoalkenyl )-acetoacetates 
(80 cc) and gla d if keep the reaction mixture 
ether, tic tiner ren ing the resid cd The consta Vic d analyses ol 
Tab 1? 36-D ted pvt es are f der similar con- 
ed | 
dit from ket product f cy ket d for |-carbethoxy-!-(3 
k hexenyl)-cvc f yil-3)-butvric ack ‘ vield, the 
R oO 
ike 
‘ 
CH ‘ ‘ 4 40-68 
C,H H Hi 
HW 2.48 H 8-79. 
C.H CH OOH C 64-25 C 64-70. 64-7 
COC 
| 
R ) 
Hi 
CH ‘ 4 0 
$9 
> C.H 69-163/7 $265 61 6-38 6-17 
AL) RR 6-40 
C.H 48 164-—166/¢ 1-128 67-88 67-84 6-8 6-71 
6-RR 
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Abstract 


malor 
for the 
demonstrate 
1. GENERAL CONSIDERATIONS 
It has been established that solutions of /-dicarbonyl compounds wit! en chains 


generally contain at least the ketonic, cis- and trans-enolic forms in equilibrium 


R R O 


H O 


Cis-enol Ketone Trans-enol 


This equilibrium of the three forms ts determn by their 1onization constants 
ina particular solvent, i.e depends upon the acidic properties of the forms and their 
solvation 

The enolic forms of ethyl acetoacetate and other related keto-enols are considered 
as chelated hydrogen bonded cis-forms.*:* Contrary to ketonic forms, they have a 


comparatively low boiling point and are more readily soluble in non-polar (hydro- 


phobic ) than in polar (hydrophilic) solvents Hence, in full accordance with the Van't 


Hoff-Dimrot’'s rule,’ the non-polar solvents shift the tautomeric equilibrium toward 
the enolic (cis-)lorms and the polar solvents toward the ketonic forms These rela- 
tionships are expressed by the well known Meyer's equation” Ay EL where Ky is the 
keto-enol equilibrium constant of any keto-enol in solution. F is the enolizability of the 
keto-enol independent of the solvent, L is the enolizing capacity of the solvent equal to 
the equilibrium constant ol the standard compound such as ethyl acetoacetate (f | ). 
The value L changes from 4 . 10-* for water to | for hexane. The graphic dependence 
of K, on L for keto-enols obeying Meyer's equation its shown by straight lines passing 
through the origin 
* Translated by A nianskv. Moscow 
Chem. Ber. 84, 156 (1951) 
ja i] 

V. Sidewick 127. 907 (1925) 

P. Nachod, 7. Phys hem. A.182, 208 (1938) 

O. Dimroth. Liebhies nn. 377, 134 (1910) 399, 93 (1913) 
*K. H. Meyer, Ber ts Chem. Ges. 48, 2846 (1912); 47, 826 (1914) 
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| The solvent effect on srans-enolization of d flerent keto-enols is discussed Ultra-violet and be 
C—R R—C—CH—C—R R—C—( 
| O O—H R 


Trans-enolization 


The case becomes complicated when a considerable amount of trans-enolic form 


appears together with the cis-enolic form in the solution as first exemplified with ethyl 
formylphenylacetate. ’ 

Henecka® has reported on a number of trans-enolic forms accounted for by their 
ylour reaction with ferric chloride. These compounds are found to 


ling to give 
irom 

rans-enolii hese authors found 


toward the 


ig an open 


} TY? 1 } 
ne authors answel DY assuming tnat 
tne ketonic lorms produce hig < tas Ketonic 

forms nel are obdjyecuions this nypothe n al invalid when investi- 


vating he effect ol pl > Kelo-e 

Eistert and Reiss'= have st nols containing both carbonyl groups 
in the same ring and hence unable to produce ‘trans- 
that the effect of th lvent keto-trans-enol 


s-enolic forms Dut 


fixed’’ enols. These authors consider 
to Mever's ruie, - hydrophilic solvent 


equilibrium toward the enolic forms and the hydrophobic solvents toward the ketonic 


equilibrium is opposite 


forms. The bromometrical analysis of solutions of such keto-enols in different solvents 
gave rather inaccurate and not easily reproducible results but confirm the 


hypothesis 
Thus in solutions of x-methyltetronic and water the 
malonate 


7, 95 and 128 per 


percentage of enol amounted 


(1V) (**Meldrum’s acid’’) in 


cent, respectively 


CH,—CO 


O CO 


| R=CH, 
ll R—C,H, 
ll R — C,H. 


[his hypothesis has been proved spectrometrically for a number of other cases, but 
it does not agree with the spectrometric data on «-ethyltetronic acid (I1) obtained by 
other workers!*:"* as cite 1e Same paper. This hypothesis is, however, in accord- 
ance with ultra-violet evidence obtained by Russel’? who found that solutions of p- 
helates and thereby 


cyanoketones whose enolic forms are sterically unable to exist as c 


Ista 
64, 409 82 
. B. Kisly Ové kl. auk SSSR 96, 1169 (1954) 
B. Eistert and W , Cher . 87. 92 108 (1954) 
8 L. A. Dunkanson, J 1210 (1953) 
14 R. W. Herbert and I rst, hem. J. 29, 1884 (1953) 


15 Pp. B. Russel, J. Amer 74, 2654 (1952) 


a it controversial that hydrophilic solvents shift the tautomeric equilibrium iii’! 
: ketonic form rather than toward the most polar trans-enolic form c Nan 
benzene, methanol and water showed 
R CH,—CO CH 
i CHR ( CHR C : 
R O CO CH, 
IV R R H VI 
V R R CH.:; K C,H; 
7 W. Dieckmann, Ber. Drsch. Chem. Ges. 50, 1376 (1917) ; 
( B 81 2 +s 
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contain an open hydroxyl group,"*:'’ have more enolic forms in hydroxyl containing 
solvents than in hydrophobic ones. The data recorded by Russel were found to be much 
more involved. In the series of hydroxyl containing solvents such as water—methanol 
ethanol-—pentanol the enol content increases as the hydrophilic property of the solvent 
decreases. It reaches its maximum in pentanol, decreases in ether (yet remaining 
higher than in water), and then sharply drops in ether and hexane mixtures being the 
lowest in hexane. This effect of the hydrophilic property of solvents cannot be 
accounted for either by Meyer's rule or the hypothesis under discussion 

K abachnik? has considered the keto-cis-trans-enol equilibrium as acid—base equili- 


brium of three acids forming common anions. This equilibrium is in accordance wit! 


the acid-base equilibrium as formulated by Bronsted—Izmailov.'* In solutions of 
keto-enols with an open chain both cis- and trans-enolic forms are present. The trans- 
enolic forms possess, however, considerably higher acidic properties Therefore, then 


relative amount is always small and the keto-enol equ librium is in agreement with 


} 


Mever's equation. But in polar solvents which dissolve the trans-form more readily, 


the overall decrease in enol content (at the expense of cis-enol) is accompanied by a 


relative increase of the trans-enolic form in the enolic fraction of keto-enol. Thus the 


discrepanc\ encountered by Arndt ts explained 


In 


a more recent report on this subject™ it has been shown that the effect of the 
solvent on the keto-cis-trans-enol equilibrium can be quantitatively accounted for in 
terms of an extended formula similar to that of Mever but taking into consideration 
I ans-enol 7auol! 


Ky = EL + E'l (1) 


In this formula F and E’ is the enolizability of keto-enol toward cis-enol (1.e. Meyer's 


constant) and trans-enol respectively; and 1 and L 1s the enolizing capacity of the 
solvent toward cis-enol (L of Mayer) and trans-enol respectively his relationship 


has been derived, like the Meyer's equation * from the equation of Bronsted 


Izmailov and is based on the assumption that the acid-base equilibrium theory ts 
applicable to ketonic and cis- and trans-enolic forms as acids.* 

lo apply this formula, standard compounds must be chosen. one for cis-enolizatio 
(f oa 1) and another for trans-enolization (/ a. 2 1). Ethyl aceto 
acetate may be used for cis-enolization, but the choice of a standard compound for 
trans-enolization 1s more difficult Bromometrical”’ and spectrometric investigation 


of the effect of the solvent on enolization of x-substituted acetoacetates described by 
Henecka® has shown that substances capable only of trans enolization are characterized 


by a tautomeric equilibrium constant practically independent of the solvent. On the 


o er ( ime ty i 
this forn b ) A pA ) 

S. B. H cks. O. R. W G. E. Hilbs J. Ann SR. 1991 (19% 

G. S. Skinner. I. A. Gladner and R. F. Heitmiller, J. Amer. Chem. Soc. 73, 2230 (1951) 

*I. N. Bronsted, Chem. R §, 291 (1928 

1. N. Bro d, 7. Pi Ci A169, 32 (1934) 

N. A. Isn 4. Phy Chim. U.S.S.R. 23, 639, 643 (1949 

'N. A. Ist Z. Pi U.S.S.R. 24, 321 (1950) 

N. A. Ismailov, / { 4 Af 10. 5 (1953) 

> M. 1. Kabachnik, S. T. Yoffe and K. V. Vatsuro, Tetrahedron 1, 31 1957) 

*M.1. Kabachnik, D the Nauk SSSR 83, 407, 859 (1952) 

M. Movsesva! M. 1. Kabachnik, 8S. T. Yoffe ind K. V Vatsuro, / fkad Nauk (Phys 

2, 1 
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other hand, the greater the cis-enolizability of the keto-enol, the more this constant 
depends on the solvent. Thus, for ethyl «-s-butylacetoacetate whose cis-enolic form is 


strongly hindered due to steric effects, the amount of enolic form proved to be 


practically constant in benzene, ethanol, methanol and 67 per cent aqueous methanol. 
This shows that for trans-enolization of such keto-enols, L’ is practically constant and 


equation (1) may be more simply expressed as 
Ky Fl E. (2) 


constant value g the frans-enolizability of «-substituted alkyl aceto- 
sin any solve is nclu 11s apparently substa ted by bromometrical 
ion of the amount ‘nolic forms | n f some cyclic “trans-fixed”’ 
ols carried out by the reversed Mever’s method.” [he a ’ cis- and 


nolic forms in solution $e -substituted alkyl acetoacetates in various 


keto-enols 


ree with the 


acidic 


ialonate (1V) 


malonate 


hr 
POM 


to considel 


of Meyer's 


rormula { 


ese considerat to additional experimental investigatio 
| 


| 


ollowing resu 

[te fron 
According to Eistert and Geiss in solutions of z-ethyltetronic acid (Il) and 
isoalkylidene malonates (IV) and (V) the only equilibrium observed is between ketonic 


forms and the corresponding enolate anion. The observed overlapping of ultra-violet 
absorption spectra of ethyltetronic acid in water, methanol and ethanol ts explained by 
bromometrica ition pr dure was mistakenly mentioned as applied for 

ne solution V and s« tio aqueous methanol wit romine solution 


t of Dromine consumes € is to 100 per cx enol content 


Tetrahedron 7, 1 (1959) 


| 
E, is a 
acetal 
estim: 
ACLO-C 
‘ ‘ae solvents may be calculated by application of formula (2). 
Ihe spectrometric investigation of enolization of some “‘‘rans-fixed” 
was recently published by Eistert and Geiss [heir results do not agree wi 
bromometric estimation of the amount of enolic forms in solutions of stro=ly EE ; 
<eto-enols determined by and by Eistert and Reiss.’ 
Thus, for example, in bromometric determinations,'* isopropylidene n 
; 37-128 per cent enolized in different solvents and isopropylidene ethyl aaa 
(V) contains abo l 10 per cent of eno wne eas actually no enol forn IS present. As 5 
spectrometric data is regarded as more reliable these cases it may be concluded that 
the bromometric method cannot be applied to these compounds. It suggested that 
the bromometric method is unsuitable for strongly acidic cyclic $-dicarbonyl com- 
; pounds as in addition to the EEN on of anion there may be fast direct bromination : 
the Ketonic torn 
Thus, it is necessary 
(| Ihe actual effect of solvents on enolization of different “*trans-fixed”’ cyclic 
keto-enols and the extent to which the hypothesis advanced by German authors on the 
reversion rule can be applied 
(2) ] P| solvents on trans-enolization of open chain ketones, the extent 
to which MB) is valid, and the substance which may be used as standard com- 
pounds for iolization of /-keto esters 
Which gave the 
in methanol or ethano 
B. Fistert and F. Geiss, 
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Eistert and Reiss as being due to the occasional coincidence in the concentration of 


enolate anions in solutions investigated. No reference is made to the observations 


by Duncanson™, Herbert and Hirst'* and ourselves that the enolization of z-ethyl- 


tetronic acid is approximately constant in such different solvents as aqueous sulphuric 


acid and ethylene chloride 
We found that the infra-red spectra of crystalline x-ethyl- and propyl-tetronic acids 


(Fig. la and b) are markec at 1800 cm! and 2600 to 3000 cm™' from those 


of the lactone of v-hydrox' x-dimethvylacetoacetic acid (VI) of a similar structure but 
with fixed ketonic ms ig. Ic). In the ectrun us lactone the 1745 and 
1798 cm bands ations of the ketonic and 


Droad dillused band 


and position ol 
hydroxyl groups 


invoived ir arovet ne a i< acids under study 


in cno tructul sin good ag ‘mel vi absorption bands of 


have thus ; 


,unds < n the rang double bond stretching vibrations such as 


these con | 
| 


1650 and iscn ¢ former band may be accounted tor by the vibration of the 
( ( bond in the | T Yr) * latter by thi the ¢ () bond 


Ihe lowering in the O frequency as compared to the vibration frequency of the 


a 
Vw 
a 
\ A j ; 
\ 
"VE 
4 
" N f\ 
* 
carbalkoxylic carbonyl.* Within the range of 2600-3300 cm ' the spectrum of this 
compound reveals only characteristic ( H frequencies. The infra-red spectra of : 
cryStalline ethyl- and propyl-tetror icids (II and III owed 
at cn ind a sharp Dand al cm The character 
these bands allow them to be assigned to the stretching vibrations of ’ 
* Higher values of these frequencies as compared to those of similar vibrations of nor VCIN dicarbonvy! 
con seen oO kno the st 
: mor ed 
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carbalkoxyl of the lact 


1¢ mentioned above (spectrum Ic) to 1798 cm : 
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z-propyltetronic acid in chloroform, ether, tetrahydrofuran and saturated solutions in 
carbon tetrachloride (Fig. 5) 

The spectrum of the solution in chloroform (Fig. 5b) reveals intensive bands at 
1652 and 1730 cm~', which are similar to the corresponding bands of the crystalline 
compound and, therefore, are assigned to the enolic form le Spectra 


weak bands at 1768 and 1812 cm~’, roughly corresponding to the frequen 


tone (VI) and possibly accounting for the ketonic form It can 


the exist 
the 


tetrachloride solutions 


lsoprop\ like ne etn 


The infra-red spectrum of crystalline isopropylidene ethyl-malonate (V, Fig. 6a) 


reveals intensive absorption at 1740 75cm’ corresponding to characteristic 


q 
83 
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C=O vibrations ofketonic carbonyls and carbalkoxyls. The ketonic structure of the 


crystalline molecules is also confirmed by the absence of hydroxyl absorption bands. 


The spectrum of this acid in carbon tetrachloride solutions shows a sharp line at 
3535 cm™ *! which may be assigned either to free hydroxyl vibrations, indicating the 
presence of the enolic form. or to the C=O stretching vibration overtone. In the 
spectrum of the monodeuterated derivative in solution, the 3535 cm™' line remains 
unchanged substantiating the latter suggestion. Phe isotopic substitution occurs at the 


¥-carbon as evidenced by a marked decrease in the intensity of the band at 


, as compared with the non-deuterated compound, and by the appearanee of 
at 2145 cm“ (Fig. 6b) 
The ultra-violet spectra of alkaline, neutral and acidic methanol solutions of 1so- 


propylidene ethvl malonate (Fig. 7) are similar to that observed by Eistert and Geiss” 


n. Moscow (1959) 
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in the spectra of its spyro analogs. In the alkaline solution an intensive absorption 
with a maximum of 272 mu is observed, this is weaker in the neutral solution and 
non-existent in the acidic solution, but the maximum is again reached on addition of 


the required amount of alkali. In agreement with the German authors, this evidence 


shows that the ketonic form only is present in the crystalline state or when dissolved 
in non-polar solvents. In polar solvents the ketonic form is in equilibrium with 
the enolate anion, the concentration of which depends on the acidity of the 


medium. Under no conditions do these cyclic #-dicarbonyl compounds enolize and. 
erefore, do not obey either Meyer's rule or the hypothesis of Eistert and Reiss. 


{/kyl x-alh 
ubstituents such as s-butyl-(X V1). cyclopentyl-(X XII). 2-pentyl- 


Esters with -alkvl st 
(XVIII), 3-pentyl-(XVII), 2-hexyl-(X1IX), and 2-heptyl-(XX) were spectroscopicall 


investigated. In all these compounds the appearance of a planar ‘nol form with 
the 


iv 


rogen bonding is accompanied by strong steric drance due to tl 

ind y-methyl-groups (cf. Henecka* his 1s shown in Fig. 8 

> relationships. 
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acetoacetal 
spectra wil bands over the range an 
cm” +, which gned to C=O carbonyls and carbalkoxyls, respectively.*° In the 


ketoenols such as those of cyclohexanone- (or cyclopentanone-)car- 


spectra 

boxylates (XXV) four bands are observed in the 1600-1800 cm™! range.” Two of 
them are within the frequency range of 1710-1730cm™' and 1740-1760 cm~ and 
are assigned to the ketonic isomer. Two other bands at 1610-1630 cm~! and 1650 
1660 cm~* may refer to the enolic form, inasmuch as their intensity increases with 
1olizing capacity of the solvent, and at the same time the band intensity 


increasing e! 
-5,30.31 The weaker absorption band at 1610-1630 


of the ketonic form decreases. 
1 to the stretching vibration of the C=C bond and the intensive band at 
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TABLE |. ASSIGNMENT OF FREQUENCIES OVER THE RANGE OF 1600-1800 cm 
rO THE VIBRATION OF BONDS OF (¢ © AND (¢ € TAUTOMERIC FORMS OF 


ETHYL %-ALKYL ACETOACETATES 
Compound Ketonic form Enolic form 


| Carboxy! Il Carbonyl! 
CH,COCHRCOOC,H 


H.CH,)CH 
(C.H.).CH 
C,H,(CH,)CH 


enolic forms in trans-configuration is confirmed by the lack of a marked colour 


reaction with ferric chloride. The spectra exhibit no separate absorption band corre- 


sponding to C—O enolic forms which should appear in the 1700-1730 cm range and 
are suppressed by intensive absorption bands of ketonic forms, the content of which 
was bromometrically shown to exceed considerably that of enolic forms. The ready 
solubility of alkyl-x-alkyl acetoacetates in various solvents permits the quantitative 
estimation of enolization and elucidates the solvent effect on these compounds. 

As in the case of ethyl acetoacetate,“ the solvents do not affect the molar absorp- 
tion coefficient ratio of tautomeric forms within the accuracy of the experiment. In 
this case the ratio of optical densities of absorption bands of two tautomeric forms in 
infra-red spectra of solutions is proportional to the tautomeric equilibrium constant. 
In Fig. 10 the ratio (DIIL/D IL) of optical densities of I1l(enolic) to Il(ketonic) 
(Table 1) is plotted against the constant L (Meyer®*) of the enolizing capacity of 
solvents. It is seen from Fig. 10 that in «-alkylsubstituted acetoacetate derivatives with 
branched alkyl groups, the content of enolic forms is essentially independent of the 
solvent. This agrees with the ultra-violet evidence obtained relating to the effect of 
such different polar solvents as water, alcohols, ether, and hexane. In Fig. 11 the 
ultra-violet spectra of ethyl-x-s-butylacetoacetate (XVI) solutions in acidified 67 per 
cent aqueous methanol (pH 2-5), methanol, ethanol, ether, and hexane are given. All 
curves agree well in intensity (e ~ 2000) and have a maximum at 233 to 240 mu. 
Trans-enolization of keto-enols with an open chain is, therefore, independent, as far 


as x-alkylsubstituted acetoacetates are concerned, of the nature of the solvent, and 


A plot of D LIL/D II (optical densities of enolic and ketonic forms of ethyl «-alky! 
acetoacetates with branched substituents) against | 
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ACETOACETATES IN DIFFERENT SOLVENTS 


TABLE 3. ENOL PERCENTAGE IN %-SUBSTITUTED ETHYI 


Substituent R 
in CHgCOCH- 67 CH,CO CH,CO- 
RCOOC.H, OH CH,OH CHC! C,H,OH Ooc.H 


H 
C,H 


4. Cis-ENOL PERCENTAGE IN THE ENO IC FRACTION OF Z-SUBSTITUTED HY! 


ACETOACETATES IN DIFFERENT SOLVENTS 
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forms present in solution. It 
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on the solvent as with z-alkyltetronic acids or z-alkylacetoacetates with branched 
substituents, that is L’ Const. They differ, however, in El 0, formula (1) being 
thereby converted to formula (2). Plot K, {(L) is a straight line with a stronger or 


weaker slope that cuts on the ordinate axis an intercept characteristic of trans-enoliza- 


tion. As seen from Table 4 the amount of cis-enolic forms increases with decreasing 


| 
mg 


steric ndrances caused by alkyl radicals. These compounds give a pronounced 


colour rea vith ferric chloride, enolization of such compounds being expressed in 
term 


yvano-ketones studied by Russ¢ In this case both the trans- 


have an open hydroxyl group and, as seen from Fig. 15 (co-ordinates 
1d L) the dependence of enolization on the solvent is very involved. The cis- 


enolizing capacity of the solvent (the Meyer’s constant L) being increased, Kp passes 
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through the maximum. These curves become straight lines when applying L’ (formula 
1) instead of L, that is when substituting the standard compound. If any cyano-ketone 
is taken as standard, good linear relationships are observed and the straight lines pass 
through the origin (Fig. 16). Enolization to form a chelated enol being impossible in 
this case, E = 0 and formula (1) becomes similar to that of Meyer, Ky, E'L’ but 


differing from it as to the standard compound Here again the relatiy ely high enolizing 


capacity of ether may be due to its hydrogen bonding with the open hydroxyl group of 


the enolic form. Thus for this case both Meyer's rule and Eistert and Reiss’ hypothesis 
do not hold true but when choosing a suitable standard compound formula A, El 
can be applied 
The above ltypes of keto-enols do not exhaust all the possibilities of solvent effect 
on trans-enolization and even these examples point to the great variety of such effects: 
only types such as dimedon follow the hypothesis suggested by Eistert and Reiss 
Formula (1) is of a general character and its application depends on the right choice 


of standards for L and / Formula (2) is of a more limited value and ca e applied 


only to those systems characterized DY / Const 
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THE STEREOCHEMISTRY OF SOME 
HALOGENOCHOLESTAN-3-ONES 
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Abstract—The stereochemistry of the 4,5-dichloro- and 2-bromo-4,5-dichloro-derivatives' of cholestan- 


3-one is discussed 


THE present communication completes earlier studies! on 4.5-dichloro-cholestan-3-one 


by establishing its stereochemistry 


Information on the orientation of a halogen atom (other than fluorine) in an 


x¥-halogeno steroidal 3-ketone may generally be obtained 


n the infra-red spectrum. The carbonyl stretching band found tn the region 


n s displaced by about 21 cm~ an equatorial halogen 


atom, but is ha affected by an axial 


lsomer A 


(ii) From the low intensity U.V. absorption band (R-band) at 280-286 mu 


characteristic of an unsubstituted 3-oxo steroid. This band is displaced to a longer 
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(1958) 
R_N. Jones and F. Herling, J. Org. Chem. 19, 1252 (1954); R. N. Jones, D. A. Ramsey, I 


Herling and 
K. Dobriner J. Amer. Chem. Soc. 74, 2828 (1952) 
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wavelength by an axial halogen atom with a concomitant marked increase in the 
extinction coefficient. An equatorial halogen substituent, in contrast, causes only a 
very small hypsochromic shift of the absorption maximum.” 

(iii) By reduction with an alkali metal borohydride followed by treatment of the 


resulting halohydrin with alkali. Trans-halohydrins yield epoxides under these con- 


ditions, whilst cis-halohydrins afford ketones. Catalytic dehalogenation of the halo- 
hydrin will generally give an alcohol of known configuration, thereby permitting the 


stereochemistry of the halohydrin, and thence of the haloketone, to be established : 

In attempting to determine the stereochemistry ol 4.5-dichloro-cholestan-3-one, 
we turned initially to chemical procedure (ili) above. Reduction of the dihaloketone 
with lithium borohydride in tetrahydrofuran afforded an apparently homogeneous 


dichloroalcohol. which was characterized as an acetate. Reaction of the dichloro- 


alcohol with alkali, however, failed to give indication of its structure Thus, it was 
hy 


nt ethanol 


recovered unchanged after heating with 2 per ce 
whilst 20 per cent ethanolic potas 
black tar. Attention was theret 
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inductive effect of the 4-chloro-substituent would reduce the tendency of the 3-keto 


group to enolize towards C,, and (1i) the preference for the participation of an axial 


hydrogen atom in the enolization of a cyclic ketone, demonstrated by Corey® and 
attributed by him to a stereoelectronic effect, would also tend to favour enolization 
and subsequent bromination at C, in the 4z-chloro ketone (II) in which the 4/- 
hydrogen atom has the unfavourable 4/ (equatorial) conformation. A decision in 


favour of structure 1V was ultimately reached as indicated below. 
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the R bands of the 2/ (axial ymo-derivative are similar to those reported by 


~ 
ption 
86°F 
_- 
116 
/ 
[a], 
/ 
| 
j 
fe 
4 Time hy 
Prose 
| holestan-3-one (III or IV) leads in modest the formation of a 2¢-bromo-4- 
cI rox (/ rie \ The [ itoryv and 
concomitant tor il n of i econd prod vil a La rotat ing an 
bsorption maximum at a longer wa neth (Fig. | and Tal |). Search for this 
product led to the ion of an isomeric bromo-4-chlorox st-4-en-3-one, m.p 
115 (/Jsomer B). Bot Passer to OC eSta-1,4-dien-3-one’ 
udenhran am 7 , Cam Comp 
on denydroor ati iniu ‘ age a 
, > 
their ultra olet absorption spectra (Tab iDlished uneg ocauly the cor 
of the new /somer B the (quasi axk pimer V and that of the previously au 
Jsomer A as th .-(quasi equatorial) epimer VIII 
*E. J. Corey and R. A. Sneen, J. Amer. Chem. § 78, 6269 (1956) 


lengths « A. which represents the mino! 


is not formed from /somer B by 


produc 


isomerizauion 


WwW. B 


( kson’ for Ket ter Cookson’s explanation of thi effect 
| hy or olt n ons bro 
" ul tea in the axia 
K 
x) 
‘ 
‘ cl is 
omer (VIII) 
di lil 1\ nolt/ B 
It nret e for 1 ntica | 
rotatory chat qu im Of rotat of 0° record n 
Fig A) and B)-« ers presi n 
the 1 rox re | i fact that the first 
optical rolal |) correspond ery to | t of /somer B 
(—3 Atul rption of the ture (cf. Table 1) 1n the ap 
: unsaturated ket t sO COI | ds to t of / er B with only minimal 
, 
qual es ot / A bx ese Iherealter | the reaction leads to 
an , chift in nt mum to shorter wave- 
A ’*C. Hird, R. C. Cooksor d S. H. Dandegaonker, J. Chem. Soc. 3675 (1956) 
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of some 
These changes unequivocally exclude st 


olestan-3-one. Conversion into Js 


omine atom 
oduct, these 


vdrocl 


wil 
cholest-4-en-3-one’ 
are shown in Fig. 2 (curve ; hey indicate initial rapid ( ' i 

fol Ww migrat of the bromine 


bromo-4-chloroc! 


ine atom at C, with 


atom to C,. That the latter reac 
transitory formation of molecular bromine, f mination at C,. was shown 
by interception of the molecular bromine wi is procedure had been 
*C. Dierassi and W. Kliyne, J. Amer. Chem. §S 79, 1 (1957): C. Dierassi, J. Osiecki, R. Riniker and 


B. Riniker, /hbid. 80, SS 


ucture Ill for the 24-bromo-dichloro- 
B would involve inversion of the 
a pe C,, followed by dehydrochlorination. As /somer B forms the maior 
pe : | wo reactions would necessarily proceed at a faster rate than the sin pie 
a ination of the bromo-dichloro compound (II1) into Isomer A. If this 
were indeed tl then the ack Aint iit isomer B 
had reached may centratior uld toccur. For equently 
™~ 7 
™ — 
~ 
| ‘ 
t ndergoes d f 
\ i | ) | 
: and VII. Vil \ 
After compik n of t S57 Professor ( 
Dierassi king eX ed the oy i rotatory d ersion ol +5 C ro-ketone (1) 
and conh ed the con ) served 
: negative Cotton eff 1 the O.R.D. curve for the « nound. which s ests that the 
axial chlorine atom at C-4 | onfiguration.* 
Attempts to invert the 2/-bromo substituent of the bromo-dichloro-compound (IV) 
: 
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used by Crowne et a/.* to demonstrate the participation of molecular bromine in the 
hvdrogen bromide catalysed conversion of 2,2-dibromo- into 2z,42-dibromocholestan- 


3-one. In the present case the competing reaction between the steroid and the bromine 


not be whollv eliminated. even in the presence of a 5-fold excess of /-naphthol, 


eh in this instance the main steroida uct was 4-chlorocholest-4-en-3-one 


5 
o give 2$-bromo-4- 


mide ion (Br~) and ts 


bro 


when sulphuric or toluene p-sulphonic 


ill at 0-16 N), no change in « ptical rotation 
When hydrogen chloride (10°, w/w) 

1 contrast, the optical rotation of 

and remained constant 

solid which resisted crystalliza- 


xamination 3 mntent ¥$-unsaturated 


pic ¢ 
315) Analyses showed virtually no loss of halogen. Reaction 


with pvridine at room temperature gave an almost quantitative yield of 2x-bromo-4- 


chlorocholest-4-en-3-one (VIII). The new product ts accordingly formulated as 2z- 


} 5x-dichlorocholestan-3-one (VIL) and results from acid-catalysed inversion 

-bromo substituent of [V. It represents the essential intermediate in the chain 
reactions leading from IV to Ilsomer A (VIII) vide supra 

It seemed likely that the difference in behaviour of 2/-bromo-4/,5«-dichloro- 

cholestan-3-one (IV) towards hydrobromic and hydrochloric acid/acetic acid stemmed 

from the greater nucleophilic reactivity of the bromide ion relative to the chloride ion. 

The bromide ion, acting as a base, was envisaged as abstracting a proton from the C, 


position of IV with subsequent loss of chloride ion from C; In order to test this 
hypothesis, the substitution of bromide ion by the even more nucleophilic iodide 
ion was examined 

Initially. a solution of hydrogen iodide in acetic acid was added to a solution of the 
2f-bromo-compound (LV) dissol\ ed in chloroform. Instantaneous reaction occurred 
with liberation of iodine, rendering polarimetric determinations impossible. By using 
the bromine-free 48.5x-dichlorocholestan-3-one (1), however, it proved possible to 
examine the effect of the three halogen ions upon the analogous dehydrochlorination 
reaction leading to 4-chlorocholest-4-en- 3-one (VI) 

A one per cent solution of 4 } 5x-dichlorocholestan-3-one (I) in 10 per cent of 
hydrogen chloride (w/w) in acetic acid/chloroform (9:1) was found to undergo change 
in optical rotation from [x], + 5 to [a]p) +96", with a half-life period of 162 minutes 
to give 4-chlorocholest-4-en-3-one (VI). By using such a solution and adding to it the 
halide ion under examination in the form of its lithium salt, it proved possible to 
compare the accelerating effects of the three halide ions upon the dehydrochlorination 
of the dichloro-compound (1) under equivalent conditions. The results obtained 
(Table 3 and Fig. 3) reveal the expected order of nucleophilic reactivity for the three 
halide ions, with Cl Br | 

A somewhat different situation obtains with 26-bromo-48,5a-dichlorocholestan-3- 
one (IV). Under acidic catalysis the 3-keto group enolizes almost exclusively in the 


*C. W. P. Crowne, R. M. Evans, G. F. H. Green and A. G. Long, J. Chem. Soc. 4351 (1956). 


aitnou® 
(V1) 
mination f hudragen chlor feam 
| oT nvyvarogen oriac rom 2p-odTo 
one (1V) under the influence of hydrogen bromide, ac 
chlorocholest-4-en-3-one (V, above) requires the presenc 
ne eneral acid-< ysed process. Th: 
acid was substituted for hydrogen bromide | 
was observed alter 24 hours al ntempel 
or perce oric acid (2°) N) in acetic ac d Wwe 
the solution tell tron Lin 
tnereatte [he product rl isa 
tion. Its spectrosc 
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direction of C, vide supra with consequent inversion of the 26-bromo substituent to the 


more stable 2z-configuration (i.e. to VII). Further reaction leading to dehydro- 


chlorination does not occur with chloride ion, for example, which does not possess 
sufficient nucleophilic reactivity to enforce extrusion of a proton from C,. In the 
presence of the more nucleophilic bromide ion, in contrast, the base-catalysed de- 
hydrochlorination reaction occurs at an appreciable rate, and this reaction becomes 


dominant when a relatively strong base such as pyridine is employed. 


F-REACTION TIMES FOR THE DEHYDROCHLORINATION Of 
LOCHOLESTAN-3-ONE BY HYDROGEN CHLORIDE/LITHIUM 


HALIDE IN ACETIC ACID/CHLOROFORM 


Half-reactior 


time (m 


Fic. 3. Changes u p ilt tl me iring dehydre lorination of 45.5x-dichloro- 


by | in the presence of hium | 1 1) No Li halide. (b) LON LiCl 


ce ¢ 


(c) ON LiBr. (d) 0-25 N LiBr. (e) 0-25 N Lil 


cholestan-3-one 

The observation that ‘acidic’ (electrophilic) attack involves C,, whilst ‘basic’ 
(nucleophilic) attack involves C, preferentially may be rationalized in terms of two 
distinct controlling factors. It is known that enolization of 3-oxo-5-steroids leads to 
appearance of a double bond at C,—C,.’° This has been attributed to hyperconjuga- 
tion, the A*-linkage being stabilized by one more hydrogen atom than obtains for a 
C,—C, double bond. This essentially thermodynamic control may be expected to 
operate in the acid catalysed enolization of IV. Base-catalysed enolization, however, 


1D. A. H. Taylor, Chem. & Ind. 250 (1954); A. S. Dreiding, Jbid. 1419 (1954). 


TaBLe 3. Hal 
SC“ 
Concentration of 
Reagent 
hium halide 
(a) 10 H¢ 162 
(b) 10 HC] LiCl] 84 
(c) 10 HC] LiBr 1-ON 12 
(d) 10°, HCI LiBr 0:25 N 65 
(e) 10 HC] Lil 0-25 N 36 
* Lil could not be employed 1-0 N concentrati ) ¥ to the rapid appearance in the solution of free : 
| 
| 
i 
| J, 
a 
4 
4/ 
‘ 
hr 
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is probably kinetically controlled. The C, hydrogen atom is more acidic in character 
than the one at C, owing to the greater polarization of the C Cl bond compared to 
the C—Br bond." Attack by base accordingly takes place preferentially, but not 
exclusively at C, 

Yet a further effect demands recognition. Kinetic control of the rate-controlling 
step, viz. removal of a proton from C,, would presumably apply in equal measure to 


hoth the 2-bromo epimers IV and VII. If this were indeed the case, then the rates of 


dehvdrochlorination of these two isomers IV and \ Il would be expected to be similar. 
It has been shown above that the first part of the curve in Fig. 1, representing the 
change in optical rotation with time in the reaction of the 28-bromo-dichloride (TV) 
with pyridine corresponds approximately to the dehydrochlorination step (IV) —> (V). 
lf-life he 2p-t mo-dichloride (1V) estimated from this part ol the curve 1S 


bromo isomer (VII) under similar 


rate-controlling factor which is 
iated with the centre at C,. As 
f cyclic ketones preferentially 
Such an axial hydrogen atom 1s 
pound (1 

in IV But 

rochlorina- 


valogenation 


laboratory 


etc The 


i was weighed into a 
and treated with the 
haking, a | dm polari- 
as practicable, 


uch the first sets of readings were somewhat erratic due 


~ The mean of 10 readings was taken as the optical rotation at the ume 


noted after the fifth reading for each set 


uc K Ingold, Srructure and Mechanism in Organic Chemistry p 446. G. Bell and Sons, London (1953). 


y ~ = 
approximately 7 minutes. The half-life of the 2 ee 
conditions, however, is found to be ca. 4 inutes. 
These results point t existence of yet anothe 
already ment \ is SHOW that en itl 
present (at C,) in the 2 mo-epimer (VII) but not 
enol won ( s regarded as t ra C trol 
tion n to troduction of t \4.linkage. Dehydro 
sii 1 COl OC I adi mivu Vii, W sh 1s indeed found to be 
Cor il Ca CONnLTO! 
ignificance ¢ ¢ sm er e be regarded as qua ve rather than accur- 
EXPERIMENTAI 
Mr. M. T. Davies, B.Sc 
+ 1) et. as addc ithium 
bh 40 ed for 4 hr att en it 
] hed iro etna l¢ ng 4).5a- 
j +164 1s 0-20 (Found: C, 71-4; H, 10-4; 
( ( ( H, 101: ¢ 15:5 
45 ed rom ethanol formed flakes, m.p. 100-101 1° (ce, 024) 
14.2 
(Found: C. 69+ H.9 ( 14-3. C..H,.O-f reg C, 69 H. 9-7: Ci. 14 ) 
Pola etric ¢ f I rene procedure as fo s: The ster 
stoppered flask, diss din the appr ri ent (chlorotorm, et 
required vol ec ol t (hydrogen bromide solution, pyridine, etc.). After 
meter tube was I led and p iced tne po neter e tal 
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Reaction of 28-bromo-48 5a-dichlorocholestan-3-one with pyridine 


olution of the bromodichlorocompound (1 g) in “Analar” chloroform (99 ml) was treated with 
ml). The optical rotatory changes of a portion ol the so vere observed as above 
From the main bulk of the s 5 ml portior re withdrawr intervals, and added to an excess 

ted with 
residue 


th 
G Ue 


sta-4,6- 


lorocnolest- 


dried 


4-en-3-one. an autl 


> wt hal 
ions na ide ions 


Dehydrochlorination of 4 
(1) Chloride ions. Anhydrous lithium chlor (1-06 g) in II ydrogen chloride/acetic 
a solution of 48.5x-dichlorocholestan-3-one (250 mg) in 


acid solution (22:5 ml) was mixed with 
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: : determined in ethanol solution. The results are recorded in Fig. 1 and Table I 
| From a similarly-composed reaction mixture the following products were ated after 5 hr by * 
ractional crystallization from ethanol: 2-bror 4-chlorochole | j-one (195 r), m.p. 178 
180 260 my | 10.200) ethanol id 2/)-bromo-4 lov 4-en-3-o1 150 mg), leaflets, 
m.p. 113-115 (c. 0:37). 267 m 11,330) thar R d ee Table 2 
(Found: C. 64:8: H, 8-4: Hal., 22°6. C,-H,.OCIBr requir C, 65-1; H, 8-5; Hal., 23-2%) 
vdro ) ia ; ro o-4- wre est-4-en 
The 2/-bromo compound (300 mg) and lithium c ride (30 mg) in dimethyl! amide (5 ml) 
were heated ict lux 30 1, tne dil in g roid The sepal uted 
4 solids (m.p. 118-120°) re pur 1 fr i ethanol t e 4-chloroc esta-1 ,4-dien-3-one, 
needles, m.p. 128-129 lentified by compa yn tl 1uth ic sample 
Reaction of 2(-bromo-4 Sa-dichloroch fa 3-one ith hydrogen bromide 
A solution of the bror iloro-compound (1 g) methylene chloride i was mixed with 
hydrogen nide in acetic ; 1 (45 ml of 0-18 N soln The optic rotat f the mixture was . 
followed until it beca ( tant after 72 hr (Fig. 2a | methyl ride wa n removed 
unde reduced pre ea ine resiaual CLIC cid J ed The solids w ich 
separated were p ed from metha to g roc -3-01 p. 168-170", 
: identified by compar 1 with an authentic sample and Dy its conve! to 4-¢ rocholeii===™! 
dien-3- e. need pn. 9 9 
React n the naphtho The foregoing reaction w repeated the preliminary 
addit vf | tot lrogen b cid ) I re performed 
emplo 1150 mg (i-lm or 750 ni respectively, 
‘ with the results recorded in Fig. 2 (b and ¢ d the related discussio 
The bri (2 ride (10 n mixed w 1] (w/w) 
hydrog ric icetic 1 (90 m rotat the € I 86° to 
Th ivent i ler i e crysta ed, 
4 had 201-2 315) dica ca sa atec al 
after 2 ivS all | ) ICE ( isc cted a cons 
y of 2 } id m.p. 30-50 2 0-26), R-band 
No U.V. absorption max between 260 i 340 exane H, 8-1; 
Hal, 26°6. 1 re C, 60:7; H8&1; H %) 
Dehydrochlorina f 10-455 orocho in-3-one f 
A solutio the fore ¥ 2x-bromo-dichl ympound (0 inc I rm (49-5 ml) was 
mixed with pyridine (0-5 The optical rotation of the solution changed fron ia | ily +74 
after 6 hr. with a half-reaction time of 42 min. The solution was washed with dil sulphuric acid and 
wat it yorated. Purificat from ethanol gave 2«-bromo-4-chii 
entic sample 
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Pyrolysis of jati cid yield amansone (Ill), showimne 


caroony absorption nian - excess benzaldehyde 


sone n7Vviael on ozonol SIS, a 


variac 


wrt 


i 
dik d dized | periodate lo mor- 
hy 
e yvicids ony a 
‘ r | 4 3 
j : 
real ( ed need 
Oxid of de jatamansic anhyacrice WI K MnO,-NalO, proceec 
of cal (VI) ed as the semi 
irba [his ¢ ent ers | ucture V advanced fo 
cenva ryat | appear that norjatamansic 
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position and norjatamansic anhydride should itself be represented correctly by IV 


and not VII for the following reasons 


(a) Dehydrogenation of norjatamansic acid with Pd/c at 300° yields pure 1,2- 


dimethyl-4 isopropylbenzene* and not 2-ethyl-l-methyl-4-isopropylbenzene which 
be expected if norjatamansic anhydride has structure VII. Comparison of the 
ogenation product is most conveniently effected through the crystalline 


sulphonamide derivatives 


ns with 7 


the lines 1s 


2 
(b) Norjatamansone yields a liquid benzylidene derivative converted Dy 
‘ olysis to norjatamansadione, which exhibit i positive Zi ermann reaction, Com 
paradie IL y to tna Ive Y jatamans © ane ( | sone ihe dione 
a peak al i4¢ Cnaracne C i CO CH Ip disappears 
in the product (norjatamansatrione) btarned from it by oxidation with seleniun a 
ul 
(c) The NMR spectrum of norjata nsic anhydride (in chlorofor solution at 
40 Mec) definit ¥ lave ss ] ire [V and not VII Ihe key feature the quartet ol 
lines witl 6-4, 7-3 and The four lines s uld rrespond to the 
CH roup of IV adjacent the carbony! f ion. with a chemical shift between 
the caused | 1 SIX ed 1 ere are really ydrogens 
values of 6-6 and 7°55 with a spin-sp nlitt of 16¢ [he intensity of 7’ ‘ 
also in better accord th this interpretation rather than wi this quartet is ascribed 
e feature CH—CO pres¢ Vil 
CH 
[he sec ce ese degrad n re s leads unequ to structure I for 
atamansone, which the first and exampk 1 SeSC 1 compound 
[WO al at ‘ oup e could 
arise from a dalen prec ‘ ition of the 1 et roup to 
the adjacent angul pe 
The absolute cor uration at C(6) follows from that of I- irvomenthone 
to which it has been d ided. The rotatory dispersion curve” of ul e exhibits 
a strong negative Cotton eliect and tne a ular mel (Y) should be 
theretore oriented tvidence tor the nature of the ru rus Delt ought, after x 
which a definite assignment of conhigurat at C(10) ca 
We reported eariier’ that « ydrogenation of jatamansol yielded a bluish violet 
» heen nurified | ramat rant narafl mnreonated 
a7urence nis na een pl ¢ iLO) apily iT pre 
paper’ and freed from blue, reddish violet and violet azulenes p race amounts 
[he purified azulene jatazulene, yiel is a T.N.B. adduct, m.p. 158°, different from the 
‘A. Klages, Be D Cc} ( 39, 2311 (1906) : 
A. J. Birch, Ann. Rep. ¢ n. Soc. 47. 192 (195 
*C. Dierassi, R. Rinike B. Riniker, J. Ay ( Soc. 78, 6362 (195¢ : 
©. Kness! and A. Via boroy Coll. Czech. Cher ( m. 19, 782 (1954) 
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r N.B. adducts of any of the known azulenes obtained from sesquiterpenoid com- 
pounds 


The formation of an azulene from a naphthalenic precursor ts unusual and should 


he due to the location of the hydroxyl group in jatamanso adjacent to a fully saturated 


carbon atom An analogous case 1s the formation chamazulene from di! 


cyclopyrethrosin acetate.” he absorption spectrum ( jatazulene stron 
that it is a trisubstituted len imilar to Se-guiazulene. However, there 
depression of 30 
from the data presented 
‘ntical. _Krepinsky ef 
tal evidence" have also 


by 


advanced two alternative structures, one of these being | which has been si! : 
our work to be imiquelyv assignable to jatama ‘ 
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e the 2-§ H, 10-5 res: 
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} 14 4 | 1: 1-4: 10 
C,.H,,O es: ©. 81-8 H, 10-9 | 4 fr 
p. 168 ( H 2 C,,H.N,O, re ( H 
ted water cl Aft ent cid cry ed 
b) Jat sene (2 g) cetate (15 was oxidized plet vith ozone (2 hr). The 
s : 30 ml) and heat ter-bat r 6 hr and cl pla xide added to 
decompos € excess ydrogen | K1e It su extract in et 1d the ether solution 
washed with saturated NaHCO, s which on acidificatic ive jatamansic acid (1-2 g). m.p 
: 233-235 40-0 2-43 CHC.) 
D. H. R. Barton and P. de M me: § 150 (1957) 
J. Kfepinsky, V. Herou iF. Tetra No. 3. 9 (1960 
A. St E. Seebeck d D. Stauffacl H Ch { 40, 135 87 J. Kfex kv. V. Herout and 
F. Sor Chem. 1 1784 (1958 
J. Krepinsky, M. Romanuk, V. Hero nd F. Sorm, Tetrahed Le rs No > (1960) 
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Dimethyljatamansate. To a solution of jatamansic acid (2 g) in methanol (20 ml) an ether solution 
of diazomethane (prepared from 15 g of nitrosomethyl urea) was added. After leaving overnight and 
working up as usual the dimethyl ester (1-5 g), b.p. 140°/1 mm, mp: 1-470 was obtained (Found: 
C, 68:3; H, 9°8 requires: C, 68-5; H, 10-1") 


Benzylidene derivative of jatamansone 


(a) A solution of jatamansone (5 g) and benzaldehyde (15 g) in absolute ether (50 ml) was satura- 
ted with dry HCI gas and left overnight. After removal of ether, the residue was refluxed with fused 
sodium acetate (20 g) and acetic acid (30 ml) for 4 hr and after excess benzaldehyde was removed by 
steam distillation was extracted with ether. After the removal of solvent, the benzylidene derivative 
(1-2 g) obtained was crystallized from methanol, m.p. 115 [x]? : 172:2° (c: 2-032 CHCI,) (Found: 
C, 85-3; H, 9-4 C,.H3,0 requires: C, 85-2; H, 9°7%) 

(b) Jatamansone (2 g) in KOH solution (50°; 10 ml) was treated with benzaldehyde (3 g) in 
absolute alcohol (10 ml) and the mixture heated on a water-bath for 3 hr then diluted with water and 
the precipitated benzylidene compound (2 g) cryst illized from methanol, m.p 115 


Ozonolysis of the be lidene derivative The above benzylidene derivative (5 2) in chloroform 


(15 ml) was ozonized to completion (5 hr). The solvent was removed in vacuo and the residue treated 
with hydrogen peroxide solution (30 20 ml) heated on a water bath for 12 hr and then filtered hot 
so as to remove benzoic acid. The acidic product was repeatedly washed with hot water and then 
crystallized from absolute ether, m.p 235° (3 g) and found to be identical with jatamansic acid, 


(m.p. and mixed m.p.) 


mpte d isomerization of jatamansone 


(a) Dry H¢ | gas was passed through ; ull 7 jatamansone (5 2) in absolute ether (50 ml) to 
saturation. The mixture was left f« r, the ether removed in vacu id the residue after washing 
with NaHCO listilled in va an i mn h was found to be 
identical with 


(b) A solution taman ne (2 mi) W under lu 


12 hr and 


the pre duct, worked 


Bromination of jatamans 
acetic 
acid (10 ml) v addec ter i ture wa luted with water c tracted with ether and 
tne ether extract 
distilled in vacuo 
net ether (b.p. 40 
(b) To jatam 
was added After th luct is Vv ked u iS ADOV ind the dibromo compound 


»btained distilled pac p. | und C,,H.,OBr, requires 


{ttempted dehydrohalogenation o above bromo compound 


(a) Monobromojatamansone (2 n dimethylaniline (20 ml) was heated under reflux for 6 hr, 


the reaction mixture diluted with water and acidified with conc HCI (30 ml) and extracted with ether 
After the removal of ether, the residue was distilled in vacuo to 21 atam ve and not the unsatu- 
rated compound 

(b) The bromo compound after refluxing with 50 NaOH for 3 hr gave only jatamansone 

Jatamansane. To a mixture of jatamansone (5 g) in diethyleneglycol (80 ml) sodium metal (2-5 g) 
in small bits followed by hydrazine hydrate (85 5 ml) was added. After heating under reflux for 
1 hr the condenser was removed and the mixture kept at 190-200° (internal temp) for 5 hr and then 
diluted with water and extracted with ether. After the removal of ether the residue was subjected to 
the above procedure once again and the product obta ned distilled in vacuo to give jatamansane (3 g), 
b.p. 90°/0-5 mm nj: 1:482 {x}? 63-02° (c: 1-936 CHCI,). (Found: C, 86:3; H, 13-52 C,;Hos 
requires: C, 86°5; 


Norjatamansone. Jatamansic acid (5 g) in acetic anhydride (30 ml) containing barium hydroxide 


(0-2 g) was taken up ina distillation flask and heated gently first to remove acetic anhydride (i.e. up to 


| 

a. GEE up as usual, was identical with the starting material 
, 
CY 
C, 47-3; H, 
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150°), then the temp of the bath was raised to 400 when an oil (3-5 g) distilled over This oil (3-5 g) 
in pyridine (25 ml) was treated with hydrochloride (3-5 ¢) and heated at 70° for 2 hr 
After dilution with water, cipit g) was crystallized from alcohol, m.p 
238-240°. (For C, 68-0 s: C, 67-9: H, 10-2°,). The semicarbazone 

with 4 N H,SO, (150 ml) for wr. The mixture was 


nNal- 


80-6; H, 113 


410 mi) 
The viscous mass 
1 dil methanol 


(30 ml) was 


left overnight. The 


f{mer. Chem 


= 
| 
extracted with ether and alter removal of soivent the residue was dist ed acuo 
me (22), b.p. 110°/4 mm 1-4815, [x], 16:77’, d: 09729. (Found: C, 
C,,H,,O requires: C, 80-7; H, 11-5°%) 
Bromonorjatam Norjatamansone (2 g) in glacial acetic acid (25 ml) containing hydro as 
bromic cid (21 was gded ac (10 mil) After 3 hr the 
mixture was worked ) case won sone, ef ynonorjata msone 
b.p. 138-140°/3 m 1-5150. (Found: C, 58-2; H, 82 C,,H.sOBr requires: C, 58°5; 
Whe the romo d eate dimet lar ler re lux the expected 
unc ‘ yhe ( etic ac solut 
\ } e (1 hsolute ether (50 ml) the j ; 
above ket 20 n rand er nit I reactiol 
nixture was worked up | is cryst ized from absolute ether 
m.p. 115°. (Found: C, 80:2; H, 12:5 C,,H gO requires: C, 800; H, 12-4",) 
{a) met pal wene Lamanso!l was ib 
A | potassiun yYarorc iipnate (> ¢) was distilled in 
\ H.SO, (20 mi) ted under reflux for hr. It was 
B \ re of 2 410 coholic 
KOH 0 d water (5 ml) ter-bath for 3 hr and a Sa 
the ‘ er. After t residue 
it 2 2 6 CHé Cc, 85-4 H, 9-4 C,,H.O requires 
C,85-1; H 
; I ‘ I 15 ed to completion (2 hr) 
NaHCO \ re sd lled 
< U's p. 140 0-3 83: H, 99 CH,O 
res: ¢ 5 H 
I e al dike ! 100 ml) t im p late (0-75 g) in water (250 ml) 
nd 2N H.SO, (25 Alt Keep for 72! the mixture was extracted 
re (0-2 nm. 143 19-9" 1-98 CHCl). (Found 
C. 65-2: H 65-6, Hi 
(b) Th hy et le) in rofor ) was ozonized to compl tion (1 hr) 
was rene ed not ter remove ben 1 ther crystallized fr 
to vive ima c 1(0-4 n.p 143 
nd i fy sttamansadione. The dione (1 g) in glacial acetic 
| refluxed with freshly sublimed selenium dioxide (0-6 g) for 4 hr and the mixture ay 
Djerassi and D. Marshall, J. A. Soc. 80, 3986 (1958) 
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precipitated selenium was filtered off, the solvent removed in vacuo and the residue taken up in ether 


and the neutral fraction separated by the usual procedure. After removal of the solvent the residue 


was passed through a column of silver oxide and alumina using pet ether as eluent 
the solvent the residue was distilled in vacuo to give norjatamansatrione (0-3 g),b p. 155—160°/0-3 mm. 
71-2; H, 


(Found: C, 70:8; H, 8°6 requires: C, 
Norjatamansic anhydride. Norjatamansic acid (3 g) was refluxed with acetic anhydride (20 ml) 


for 4 hr, the acetic anhydride removed by distillation and the residue distilled in vacuo to give norjata- 
The distillate solidified and was crystallized from pet 
C, 70-9; H, 9:0 


After removal of 


mansic anhydride (2-5 g), b.p. 150°/0-1 mm 
ether, (b.p. 40-60"), m.p. 85-86 [x]? 95° (c: 2:22 CHCI,). (Found 
requires: C, 70-6, H, 

Bromonorjatai ic anhydrid. 


lin d tube at 130° for 2 hr, extra -d with benzene and the solv 


A mixture of the above anhydride (1-2 g) and bromine (0-3 ml) 
1oved in vacuo, 


> 


was heate 
mo anhydride (1 > 2) 


from benzene—pet ether (b.p. 40—60°) to give the / 


, 52-8: H, 68 C,,H.,O,Br requires: C, 53-0; 


The residue wa illized ft 
143°, [a]! 38°33 2-09 CHC 


m.p 


H, 6°6") 
Dehydronor je a lri mixtur f the br anhydrid 7) and nethylaniline 
for 3 hr ar ent red onto ishex ling ind racted 


After 


> 
limethy!-4-1s 


5 C,,H,,O,NS requires 


i acid The ibove 
oil (1 _g) disso dioxide (25 g) 
was a -d in small amounts during t r and ther 6 hr. It was 
then filtered. the residue washed with hot water 1 the filtrat cur ted peatedly with ether The 
ith saturated NaHCO, solution and the alkaline solution on acidification 


| d was crystallized 


ther 
einer, tne vl 


ether solution wa 


e an acid which was extracted with ether Aiter removal ¢ 
216° and found to be identical with trimellitic acid (m.p. and 


on 
from acetone—benzene mixture, Mm 


mixed m.p.) 


Synthesis of \1-methyl-2-ethyl-4-isopropylbenzene 2 Methyl-5-isopropylacetophenone' (10 g) in 


Ad. Claus. Ber. Dtsch. Chem. Ges. 19, 230 (1886) 


. 
: with ether. The ether extract was repeatedly washed with dil HCl, water and dried (Na,5O, | : 
the removal SOLVE ep luc vas ec ) ene—pelt ec ck dronor- 
atamansic anhyd 0-35 g), m.p. 153°, 186°7 2-09 CHCI,). (Found: C, 71-6; H, 8-5 
C, re res: ( 1-2; H, 8-5 
Oxidati f jatama t/ Inga lioxide and su acid. 1 nixture of jatamansone F 
(5 g) and H,SO, (5 20 ml) he l ler reflux 1 se dioxide (80 g s added during the 
course of 5 hr and eat r< t ied for 18 hr I xture was hitered i the manganese 
emMov of ethe 0 vas t ber mixture, m.p. 216-218 The 
1 was fou ellitic acid n xed C. 51-5: H. 3-2 
C..H,O, re re H, 
The imide pr ed s crystallized Icol n.p. 255-257°. (Found: 
rhe ydr rt ) by he the acid above 1 p keeping t that 
Both jat ‘ l d tan ¢ xidat vith n rane lhoxide n the above - 
lrozvenat ] N cid (1 el xed with 30 3 
palladized L ted 310-320 r 30 s then extracted 
vet etne 10..60°) as eluent After t I I the residuc va sd ed b.p 190 
The dis te (0-2 g) dis ed in chlorofor ; treated wit ros ynic acid (1 g) with 
d After 20 n 1 the mixt was red gd ext Cle \ chiorotorn ind 
dried (Na.SO,) After removal ot s nt e residue \ nixed um carbonate 
; (4 2). heated o wat xath for r dded and the product ex ted ther. The resi- ‘ 
due, after re val of solvent, was chr rT : rm) rystallized from dil meth- : 
inol, m.p. 158-160° and found to be identical wit namid ivat 
| 
H. 7-5 


R. Govinpacuart, B. R. Pat, K. K. PURUSHOTHAMAN and S. RAJADURAI 


of HC1(5 ml) every 4 hr 
210-212°, which gave a 


C,H SO.N requires 


ne (10 ¢) was added 


ind 


oat conc H¢ 200 ml) was refluxed with zinc amalgam (45 g), with the wed oi. 
for 48 hr | vas the Kea up as j d the hydrocarbon distilled f 
C, 598; H,7-9 
1,2-D thyl-4 } |-Methyl-2~< romet 
slowly to a susp [ m (1-2 g) in ether (30 The mixture was refluxed for 3 hr al = 
the re x che ed The ked up as d the hydro- 
: 158 Foun C. 580: H HLO NS re ( 8-2: H. 7-§ 
‘ j Chet | C 62-4 
Jatazu : 
P } 
| 
“ st nye hy sh 
B R 
B 
K 
\ 
| 
The t rNB 
max 562 Hi CH, NO, re C613: H 
W Dr N.S pre 
nite \\ | lia 
Rex S_R } es Madras fora Research Assis 
ship K KP 
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PORAI-K OSHITS 
11, 30-38 (1960) 


ee a Tetrahedron, 1961, Vol. 12, p. 113. Pergamon Press Ltd. Printed 
|. B [he structure of aromatic diazo-compounds, Tetrahedron 
p. 31, line 13: for ““K,'K, > K,,” read “K.K.K..” 
. k k k 
p. 3 A ind A 
H 2C .K H 
C.ATH C.A SH 
read A ~ ind A = 
H 2CK H 2CK 
p. 36, Ist equat p. 37, Ist equation: for “R N.O”’ read “R N,O~-”” 
?. P. MADHAVAN Narre. R. SrintvaAsAN and K. VeENKATARAMA? Condensation of 
2,4-di1 robenzene wit ydroxyarylamides, 7etrahe n 11, 140-147 
j UAT 
[he author | ed i lormuila ibstituted for that 
publ eq at th 42 
CH H. 
3 5 
+ OH 
| Ni - 
Lo 
R 
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HYDROBORATION—A POWERFUL SYNTHETIC TOOL* 


HERBERT C. BROWN 
Department of Chemistry, Purdue University 


Lafayette Indiana 


(Received 7 October 1960) 


EARLY observations on the reaction of diborane with unsaturated organic compounds 


indicated that the reaction required either elevated temperatures or long reaction 


t synthetic route to the organoboranes. In 


times,’~* and did not provide a convenier 


the course of studying the reducing action of sodium borohydride—aluminum chloride 


solutions on representative organic molecules.® it was observed that unsaturated 


molecules such as ethyl oleate utilized more than the two “‘hydrides’’ required for 


reduction of the ester grouping. Investigation of the phenomenon revealed that the 


reagent readily reacts with olefins to convert them into the corresponding organo- 


9RCH—CH, + 3NaBH, + AICI, 3(RCH,,CH,),B + AIH, + 3NaCl (1) 


Investigation soon uncovered alternative convenient procedures for the conversion 


ne 
of olefins into organoboranes (2,3) 


12RCH 


ons are rapid ana uantitative al I ) el 


Organovdoranes reac ava wie aS intermediates 


stimulate a new intere in the chet ese reactive compounds 
Although the reactions of organoboranes w be reviewed rin this discussion, 
it 8 necessary to Call attention to the mpie oxidation of organovdoranes witli alkaline 


nyarogen perox ae +).' 


‘action 


ment, placing an hydroxyl group at the precise position previously occupied by the 


boron atom in the organoborane Consequent! it has been Of Immense value in 


ing this conversion of olefins into organoboranes 


1, 
stud 


* Lecture to the Organic Div yn at the 13 M ‘ ; rican ¢ mical S« Cleveland, 


Dig 
THI 
T. Hurd, J n. 
. A. Stone and H. J. Emeleus, J. Chem. S 2755 (1950 

*> A. T. Whatley and R. N. Pease, J. Amer. Chem. S$ 6, 835 (1954) 


*F. G. A. Stone and W. A. G. Graham, Che & Ir I 1 (1955 
H. C. Brown and B. C. Subba Rao, J. Amer. Chem. S 78, 2582 (1956) 
* H. C. Brown and B. C. Subba Rao, J. Amer. Chem. S 78, 5694 (1956); 81, 6423 (1959) 
H. C. Brown and B. C. Subba Rao, J. Org. Chem. 22, 1136 (1957); J. Amer. Chem. Soc. $1, 6428 (1959) 


* J. R. Johnson and M. G. Van Campen, Jr. J. Amer. Chem. Soc. 60, 121 (1938) 


b | 6 
oranes (1). 
Diglyme 
f yiyme 
é D r 
CH 3NaBH, + 4BF » 4(RCH.CH.,),B + 3NaBF, (2) 
THF 
4 6RCH=CH B.H >» 2(RCH.CH.).B (3) 
r EE 4 
These 1) ratul [hey make the 
«Synthetic chemist and 
R,B 3H,O NaOH 3ROH NaB(OH), (4) 
The rem is essentially quantitative, and appears to proceed without rearrange- 
Ohio, April 12, 1960, in ¢ yn with the 1960 A.C.S. Award tor Cr e Worl Synt Organic 
} 
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The 


oxyeen, 


as the relat 


procedures 
veloped 


possible to 
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addition of the boron-hydrogen bond to multiple linkages of carbon to 
to nitrogen and to carbon, appears to be a general reaction (5 


7), as general 
ed older reaction involving the addition of hydrogen to these systems. 


(5) 


es elevated temperatures and 
lly proceeds quite rapidly 
(HB) has been 

ogen bond to 


hydroboration ol 


ether and tetrahydrofuran, 
of choice when 
* most convenient procedure is to 


1 boron trifluoride 


ilaining an inert 


esired simply as an intermediate for 
be oxidized in situ with alkaline 
adily recovered from the reaction 
desired possesses a boiling point 


e related solvent, triglyme (b.p 


by treating sodium borohydride 


into solution of the olefin in 
thydrofuran may be prepared 
the solution These latter 


ile solvent tetrahydrofuran, and a 
a state of high purity 

has led to difficulties in applying these 

years numerous procedures have been de- 


the information accumulated makes it 
requirement for any particular solvent or reagent.’* 


nt 


1034 (1959) 
, J. Amer. Chem. Soc. 82, 4233 


* 
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C=O H—B H—_C—O—B 
C=N+H—B -H—C=—N—B 
: | | 
c—C H—B HC—C—B ) 
at room temperature ether solvents Ihe term 
suggested as a general term to refer to the addition 
‘ multiple linkages. The present discussion will be restricted to the iii 7! 
c and \ ' 
Sodium poronvd ge is essentially msoiubdie in 
: but it is readily soluble in diglyme. Consequently 
sodium borohydride is the hydroborating agent. T] 
mix the sodium rohydride with the olefin in diglyme and to ad 7/7 
etherate slowly (exothermic reaction) [rom a dropy unnel 12) 
atmospnere [he reacti is essenually ¢ ym piete immediately following completion 
I 
; of additio 
In many cases where the organoborane is d 
further reaction it need not be isolated. Thus 
hydrogen peroxide to the alcohol, whi is the 
mixture by <« illo In cas where the alc« 
inconveniently neat it of diglyme (b.p. 162), 
Zi ca 
Alternatively, diborane may be readily prepared 
with boron trifluoride etherate® and the gas passed 
tetranhydrotura (YY). Ora solution of didorane int 
and the olefin added slowly (exothermic 1 tior 
: procedures yield the pure organoborane . 
= sin p € Sultices to 1solate the 
The unavailability of diglyme abr 
te 0.11 | ortunat ‘ly over th i 
the preparation 
s * Tetrahydrofl " i because of the high solubility of diborane in the solvem 
H.C. Bro P.A.7 Chi Soc. 80, 1552 (1958) 
Cr ; R. Dulou and Y. Chrétien-B Bull. Soc. Chim. Fr. 9, 1362 (1959) 
Wolfe, M. Nussim, Y. Maz F. Sondheimer, J. Org. Chen 
oe o ->H. C. Brown, K. J. Mur L. J. Murray, J. A. Snover and G. Zweile 
(1960) 
: 
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Thus the reaction of lithium aluminum hydride with boron trifluoride etherate can 
be used to accomplish hydroboration (10)."°" Similarly, lithium borohydride is 
soluble in both ethyl ether and tetrahydrofuran and can be utilized in these solvents 
(11).4* Sodium borohydride, although essentially insoluble in tetrahydrofuran, 
reacts readily with boron trifluoride etherate and olefin in this medium to produce the 
organoborane (12).'* Even ethyl ether can be utilized with sodium borohydride—a 
small quantity of anhydrous zinc chloride serves to catalyze the hydroboration of 
olefins by sodium borohydride in ethyl ether suspension (13).'* Finally, in tetrahydro- 


furan suspension potassium borohydride reacts with lithium chloride to form lithium 


borohydride in solution!’ and the latter can be utilized readily for hydroboration 


(14) 12 


Boron trifluoride etherate is generally applicable as the acid com 


hydroborations. However, it can be replaced by boron trichloride (15),’* or by a 
mixture of aluminum chloride and methyl borate (16).4= Finally. a solution of 
sulfuric acid in the ether solvent likewise serves to accomplish the hydroboration 
reaction (17).!* 

Ihe above procedures permit the hydroboration of olefins under mild conditions, 
0 to 25°. In cases where elevated temperatures can be tolerated, hydroboration may 
be accomplished by heating the olefin with amine-boranes at temperatures of 100 
200° (18)!4-45 or with tritsobutylborane (19) 


(C 


[(CH,),CHCH,],8 


SR. Paul and N. Joseph, Bu Soc. Chim. Fr. 550 (1952) 
4M. F. Hawthorne, J. Org. Chem. 23, 1788 (1958 

SE. ¢ Ashby, J. Amer. Che S 81, 4791 (1959) 

R. Koster, Liebies Ann. 618, 31 (1958) 


ES ponent for these 
diglyme 
I2RCH=—CH 3NaBH 4BF » 4(RCH.CH.).B + 3NaBF, (8) 
3NaBH, 4BF > 2B ’ 3NaBF, 
THE 
6RCH--CH, + B,H » 2(RCH,CH,),B 
12RCH—CH SLiAIH, 4BF 4(RCH,CH,),B + 3LiA 10) 
EF 
12RCH—CH + BF » 4(RCH,CH.),B + 3Lif 11) 
12RCH.-CH sf 4BF » 4(RCH,CH,).B 3NaBF 12) 
EE 
12RCH—CH NaBH, (sus¢ > 4(RCH.CH.).E 3NaBF 13) 
THE 
K BH, » LiBH k 
THI 
I2RCH--CH 3LiBH BF » 4(RCH,CH,),B 3LiF | 4) 
12RCH—CH 3NaBH, + BCI, 4(RCH,CH,),B + 3NaC! 15) 
I2RCH=—-CH 3NaBH, AIC B(OCH.,) » 4(RCH,CH.,),B 
AI(OCH.) 16) 
6RCH—CH, 2NaBH, + H,SO » 2(RCH.CH.,),B + Na,SO, + H (17) 
3RCH=—CH — (RCH.CH.,),B (C.H.).N (18) 
3RCH=—CH, (RCH,CH.),B 3(CH,).C—CH (19) 
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Se ope and stoichiometry’ 


The hydroboration reaction has now been applied to an enormous number of 
In practically all cases hydroboration proceeds 


Representative olefins which have been 


olefins of widely different structures 
simply and rapidly at room temperature 


utilized in thi action include 


Terminal 


‘tradecene, 3-methyl-1l-butene, 
methyl-l-butene, 2-methyl-1!- 


s- and trans-4-methyl-2- 


s-2.2.5.5-tetramethyl- 


-2-pentene, 2,4,4 
and «a pinene 


‘ 
rene and 


diphenylethylen 


3,3-dimethyl-l-butene, 4,4-dimethyl-l-pentene, 2 
pentene and 2,4,4-trime |-pentene 
Dialky efi 2-hexene, 3-hexene, 2-octenc, 
pentenc s and trans-4.4-dimethyl-2-pentene, and (rans-2 
LACT 
] bute sentene. 3-ethvl 
Tetraa 3-dimet butene ethyicyclopen - 
s ri chlorid etl ther, ethyl oleate and 
| been apt i wid ar y of acetyicne 
LU 
ditions (2 
mpo ihthe A; B tion does under 
| 
(2! 
wiiew ‘ ‘ $9 
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rhe available data support the conclusion that hydroboration is a general reaction 
of the carbon-carbon double bond with only the most hindered olefins exhibiting any 
resistance to the addition. 


In the case of simple olefins, the reaction commonly proceeds rapidly to the com- 


plete utilization of the active hydrogen of the diborane molecule, with the formation 
of the trialkylborane (22) 


H,C CH 


1-methylcyclo- 
7 


* active hydrogens 


reaction product 


= 

H.C CH, 
3c BH (4 Cc—C Je (22) 
H H H H 
However, trisubstituted olefins, such as 2-methyl-2-butene and 
hever ranidly tilize niv twa the 
nercne, react TAPICly at Tor temperature to ulllize ONLY tWO OI the a 
of the borane group, yielding a dialkylborane (or its dimer) as the fF 
(3) 
ne 
Althou furti ry to the tnialkviborar stave possib re tion is very 
tetr ted olefins as tetra thviethyler ict pidiv only to 
firct 
rsi 
1 7 H H 
> H BH 4 
H H H 
> RE 
4 
4 
HE 
> RBH « 
7 
HE HA 
‘ > RBH 


2-methyl-2-butene ; th 


boron atom predominantly on the less 


double bond 


The data are summarized in Table 2. 


hvl-2 


CC. Brown 


upon oxdation 


hexXa- 


nal 


r st 


steric 
group Is 
and here the boron 


iding the phenyl substituent 


nts on the double bond, such as 


-pentene, the addition proceeds to place the 


substituted of the two carbon atoms of the 


| 
Direc five efiects** 
; with alkaline hydrogen peroxide, 1s co ried quantitat into a mixture OZ . 
sols. O4 ner cent i 6 ner nt . | concluded that the addition 
reaction h proceeded to e the tom predon ntly at the termi 
pos won, Wil niy t of the rm prox piace on 
‘ the 2- position. S ts are observe yenic! nd | tem 
: Br snchine = r thy thy tene 
: goes | (la 
dus tit + 4-1 is 
‘ ‘ di ics tne I 
: 
3 m 1 tc n 20 per cent on 1 econd C Viore the 
direction of add lv i by 1 ID 
In the case olefins contaiming tv ferent a eroups there 1s little 
discrimination between the two carbon at ; of the double bond. This ts true even , 
im the case of 1 es ch as trans-4-methyl-2-pentene and trans-4,4-dimethyl-2- 
pentc! where the two Ky! groups o1 the douDie Dond dilier ma 
5 requirements. Only in the case of trans-l-phenyipropene, where 
opposed to a met! eroup. is a marked directive eflect indicates 
Finally, in olefins containing three alkyl substitu 
1 
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rhe results clearly show that a change in the bulk of the alkyl group attached to 
the double bond, as in “ethylethylene” (93 per cent I-), “isopropylethylene” (94 per 


1.) and t-butylethylene (94 per cent 1-). does not influence the direction of 


cent 
addition Consequently, the results argue against ntrol o e direction of 


} 


addition. The marked 
likewise supports the conclusion that the directs ust be controlled 
primarily by electronic factors 


Taste 2 


A similar discussion can be used to ration ilize the observed preference of the boron 


atom for the terminal position 


\ product 
piet 
_p 
| 
‘ 
H 
d 
ym that ti tion must 
j nport col is a ( ICLIOT 
afl ‘ trancit 
| 
p 7 
hvydridic ¢ racter. inv O 
norn Ggaiuon Oo ur 
for the tert inal p 18 UllG 
H ‘BH H 6+ 9 
H B 
B—H 
CH==CH - *-CH=CH (28) 
H- -B 
5° 
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It is generally recognized that a phenyl group cannot only serve to supply electrons 
to an electron deficient center, but it can also serve as an electron sink. This provides 
a simple explanation for the increased substitution in the alpha position observed in 
styrene (29) 


Electron withdrawing substituents, such as p-chlo houl tal * and electron 
supplying substituents. suc ~methoxy. should destabilize such a transition state 
This is in accord with t iflu ft stil 1 the hydroboration 


sudstituted 


iroboration ol 


eric purity of at least 99 per 


realized with diborane itself. 
Similarly, styrene ' led less thar the secondary alcohol, whereas 
diborane results in the formation of 2 cent. Finally, cis-isopropylmethylethylene 
yielded 97 per cent of the less hindered isomer, 4-n ethyl-2-pentanol 
The experimental data are summarized in Table 3 


a rown ar fe ” m. Soc. 82, 3222 (1960) 


(29) 
styrencs (| able 2) 
At the pr nt tit littl tital information on the influen of othe 
present Lit ‘ it if at UIC TIVG i 4 iv 
substituents on the direction of the add reactio it is evident that major effects 
will be encountered trimethylvinylsilane undergoes hydroboration to place 
t-butylethviene.'* This problem ts currently under investigation in our laboratory 
Bis-3-methyl-2-bu ine as a Ste age) 
a j ol 171 ; 
: It was pointed out earlier that hig sul ed ole s, such as 2-methyl-2-butene 
undergo hydroboration rapidly to the dialkylborane e. with further reaction to the 
stat Cia Cry SIOW } 
CH H 
fast 
4 BH = | H BH 
(30) 
H_¢ H H CH 
Ow 
Ihe slowness of the last stage int $s particular cas n contrast to the igh speed ; 
vith whi ther ns ( o reaction t et vib ne ige, IS presumably a 
result of the large steric requirements of the inte te dialkylborane. It appeared 
that suc ca inc inced § steric requirements Ol 
th SU tituents on Gqdoud bonds and th reby exert steric infit nce on th lirection 
of hydroboratior 
2-methy utene, was ected for study. 1l-Hexene reacts rapidly wi el nt, 
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In the course of these studies it was noted that there was a vast difference in the 
ease with which different olefins reacted with the reagent. Thus, the reaction with 
1-hexene was complete in a matter of minutes at 0°, w hereas the reactions of internal 
olefins were much slower, with cyclopentene reacting faster than cis-2-hexene and the 
latter reacting considerably faster than cyclohexene. Cis-2-hexene reacted consider- 
ably faster than the trans isomer. 1 risubstituted olefins, such as 2-methyl-2-butene and 
|-methylcyclohexene, reacted very slowly. 


TABLE 3. DIRECTIV! Ss IN THE HYDROBORATION OF UNSYMMETRICAI 


OLEFINS WIT 


Thus, treat 
yielded the 


cyclohexene yielde 


hexene, with only 
more exciting, it pro\ 
pentene (18 per cent cis- and 52 per cent rans Viti reagent. realizing a product 
which contained better 
The reagent should particularly useful t ish the selective hydro- 
boration of complex molecules containing ty more re: ntet isiderable 
success has been realized in this directio1 ‘viden at the reagent should be a 


very useful synthetic tool in the terpene and s 


Stereochemistry of hydroboration 


The hvdroboration of cyclic olefins provides a means of observing the stereo- 


chemistry of the reaction. Thus, the hydroboration of |-methylcyclopentene and 


“4H. C. Brown and G. Zweilel, J. Amer. Chen a 7 (1959). 


| 
= IBORANE AND BIS-3-METHYL-2-BUTYLBORANI 
Hydroborating Temp., Time, Alcol distribution, 
lefin 
|-Hexene Diborane 2 } 
R.BH 0 
Styrene D rane U 
R.BH 2 2 2 
-Methoxy Diborane l } 
styrene R.BH 2 2 
trans-4-Met rane ? 43 
2-per R.BH 25 12 5 . 
2-pentene 
The resuits ma’ pe expressed 1 ing series ACTIC nethyl-1- 
buten¢ 2-methyl-1-buten 3-dime yutene 2-hexene cyclo 
nent >_} ne 4 ry ‘ vene thy!|- 
cyclopentene 2-methyl-2-butens -methyicycione. 2.3-dimethyl-2- 
{ utene 
The differ Nees Ics al quit irge ana C il} eda tor the selective 
hydroboration of a more reac lefin int yresence of a less reactive structure 
nt of i-pentene and 2-pe v1 control quanti ne reagent 
: pentene free of the isome Similal a mixture of i-hexene anc 
died essentially pure lreatment of an equimolar mixture 
nentene nroduct which was nearly pure cvclo- 
of cyciope and cycionexel icided a product lich Was ne y pure cyck 
| 
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|-methylcyclohexene, followed by oxidation with alkaline hydrogen peroxide, results 


in the formation of pure frans-2-methy lcyclopentanol and trans-2-methylcyclohexanol. 
The available evidence indicates that the hydrogen peroxide oxidation proceeds with 
the hydroboration must involve a cis- 


retention of conhguration Consequently, 


addition of the hydrogen—boron bond to the double bond of the cyclic olefin (31) 


table isomers 
ydroboration 
pure cis-|.2- 


vhich are 


sis of diastereo- 


(1960) 


Cc 
al 
6 OH 
(31) 
‘ 
4 
The products est drations are the thermodyna! illy s 
However, this cannot be the cont: factor in the reaction si the 
ol pe Cl ane NeACIC proauce 
dimethylcyclops cyc entanol th of VW the 
thermodynamic \ Ss Stabie 1s rs (32) 
32) 
This cis hvds tilized to achieve a convenient synthe 
(33) 
H 
H 
H 
4 \ 
4 
‘EE. L. Allred, J. Sonnenberg and S. Winst Ore. Che 25, 25 a. 
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The hydroboration of norbornene proceeds to give exo-norborneol almost 


exclusively (35). 


It appears, therefore, that hydroborat preferentially 
from the less hin 

This generaliza ndependent 
observations. Thus ito Isopino- 


| { 36).* 


Hydroboration _3-butadiene 
is transformed | .6-hexane- 


diol (39) 
H.CCH.CH.OH 


> H.CCH,CH,.OH 


Brown ar 
Browr 


(35) 
: 
- 
and //-pinene into cis-myrtanol (3/) 
(36) 
» ial ydrobd tion of} olest od tane-3),6%-diol pre 
side of the moiect (335) 
boration reaction of especial luc r the thes f steroid de tives and relatec 
natural product 
: HB [0] 39) 
H.CCH---CH > 
Research in progress th M. V. Bhatt 
* P. Bruck, D. Thompson and S. Winst« Chem. & li 40 160) ; 
dG. Zw el, J. A Chem. 81, 5832 (1959 
*H. ¢ id G. Zweifel, J. Amer. Chem. Soc. 81, 1512 (1959) 
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The gencrality ol 


ne 


this synthesis has been demonstrated for a considerable number of 
additional d 


K éster has 


m butadi and has assigned it a cyclic 
structure 


acetyicnc 


H.C Cc Cc CH 
B B 
ra ( CH 
Ihe part p synthetic route to the 
syvnine u 
4 
4i 
4 
tne 
if 
4 2 
44 
he droboration olf ternal acety proc is read ind can be controlled to 
give precominanily a ydrogen bond per 
"RK. AS a2 
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molecule. The resulting products are readily converted to the corresponding cis 


olefins in high purity by treatment at 0° with acetic acid (45).** 


R 


ilkynes, apparently 


0 R—_C—_H 0 R—_C—H 
proceeaing prec iy ill lage oOwever, nere aiso, tne 
reagent bis-3-1 \ itylborane circumvents the difhiculty and permits the forma- 
, i, rated nrn 
1on oO } ) Cad proauct 
lreatmet ict tic ac iclds 1 l-alh 90 per cent yield 
(4 oxIdano val i rms tne Corl spond iidehnyde in 
: similar yield (4/7) 
R R (46 
A 
; R BH > 
4 j RR R 47? 
1} cibwar cam 
car LOT \) | il 
ii ‘ 
; 
Wor | result | 
On the otner rat n pet 
oxide,””* has p1 ntot Accordingly 
a det ied | 4) ] 
It was established that the o» nobora » 
at 25 in the usua ydrobvoratio! ind rotural ( on- 
poral u. withou | eu r or a simiulal 
medium not mis ey Vater, 1 gdition of ethanol as a co- vent UKewise 
in ssent y titative 
Wide variatio e Structure the olefin can De tolcrate n this reaction No 
instance Nas yet tul gd up of an organobdorane which resists U xidation under the 
usual mild conditions 
R. Petry i | immer. ¢ 78. ivs 
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Numerous 
nitr 


subst: 


acetvienes, dienes, esters, ketones and 
ve reactiol ixture without influencing the yield of 
oxidation product from U rganoborance 
indicates that t! 


ick on themselves 


This 
iple organoboran 


anes, but 


nyarovorat 


ss of Dul OF | 


utyidoronic i 


= also to their functional derivatives now readily available by the EEEEtion Oo! Ve 
unsaturated compounds 
a \ detailed } tic study of the reaction | not vet been reported. However 
Ku Ler y re ed reac n of benzeneboronic ac with 
I 
OH H ©) 
eu 
H O.H HH t OH 48) 
4 
ava | me 
the | | 
ac 
1449 
49 
ror 
& Ihe trialkylbora re rkably stable 1 rd hydrolysis with water. Even in 
the presence of ral acid ydro ind incomplete. [hus the 
treatment of tributy ra $8 per ce vd romic acid und reflux res sin 
lommiieeemeeed the three alkyl groups, with the formation of a quantitative yield of 
“HG. K A 76, 870 (1954 j 77, 4014 (1955 H. G. Kui d R.A. Wiles, 
Ibid. 77, 4830 (1 H.G.K A. G.A wr, /bid. 79, 5659 (1957) 
P o, J. Ar 81. 1010 (1959) 
pr C.P.G 
a 77 H.C. Brown and K. J. M 1. Amer. Chem. Soc. 81, 4108 (1959) 
R. Johnson. H. R. Snyder and M. G. Van Campen, Jr., J. Amer. Chem. Soc. 115 (1938) 
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It is quite remarkable that the organoboranes are far more susceptible to attack by 


carboxvlic acids than by the mineral acids 
For example, under relatively mild conditions triethylborane reacts with acetic 


» (50) 


acid to form diethylboron acetate and ethane 


100 
(C.H,),B + CH,CO,H » (C.H,),BOCOCH, + C,H (50) 


A detailed study of the action of carboxylic acids on organoboranes has demon- 


strated that two of the three groups can be removed by excess dry acetic or propionic 
acid at room temperature and all three groups can generally be removed by heating the 
. organoborane in diglyme solution with a slight excess of the carboxylic acid for 2to3 


hours 


be trans- 


the at id 


and 


poration 


in 


ponds 


hydrogenation with the usual metal catalysts resu 


group 


The ability of trialkylboranes to function as a Grignard reagent has as yet received 


little attention. Consequently, considerable interest attaches to the report by Honey- 


cutt and Riddle that they have synthesized diethylmercury by treating mercuric oxide 


5 The reaction was fast, 
10 


with triethylborane and sodium hydroxide in water at 


curic oxide. 


complete in 10 minutes, with a yield of 95 per cent based on the me 


More recently these authors have demonstrated the synthesis of di-n-hexylmercury 
il 


and of tetraethyllead by related procedures. 


Ulmschneider and H. Lehmann, Angew. Chem. 67, 710 | 


B. Honeycutt, Jr. and J. M. Riddle, J. A r. Cher . 81. 2593 (1959) 
B. Honevcutt. Jr. and J. M. Riddle, J. Amer. Chem. Soc. 82, 3051 (1960) 


wa.*? (Propionic acid is preferred over acetic acid because of Its lower volatility). 
Consequently, hydroboration of olefins in digiyme followed by addition of 
” propionic acid and refluxing, provides a convenient non-catalytic procedure for the 
hydrogenation of double-bonds (51) 
bak CH O.H 
3RCH—CH (RCH.CH.).B » (51) 
Secondary alkyl groups undergo protonolysis iess readily than primary. Con- 
‘ sequently, in hydroborating internal olefins, it is preferable that the boron [= : 
ferred to the terminal position by heating under reflux prior to addition of i777. 
(This tsomerizati of organoboranes 1s discussed later.) 
It has been established that olefins containing relatively active sulfur, chic! 
nitrogen substituents undergo hydroboration readily. Consequently, hydro 
followed by pro olysis opens ut the 1 
su ) SU ac ceecs in good yield, whereas 
+} 
es the loss of the thiomethyl 
As was indicated earlier. organoboranes of the vinyl type, readily obtained Dy the 
hvydroboration of acetyienes, undergo protonolys nuch more readil These com- 
: pounds undergo co piete proto! ysis with acetic acid in a matter of minutes atU, 
and the reacuion provides a Conve! ent means ot converting acetyienes into olenns 
of high purity . 
Vercuration. Grignard-like reactions 
1955) 
| 
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An unusually interesting Grignard-like reaction was discovered by Hawthorne and 
Dupont. They noted that treatment of the hydroboration product from allyl chloride 


with alkali brought about cyclization to form cyclopropane (52). 


HB 
CICH,CH=CHh, » CICH,CH,CH 


vclopropanes.* 


reaction ofie! 


‘nient route 
les are readily 


boronic acid 


} 


hac } 
S 


boronic 
borini 


lsomeriza organoboranes** 
ynndary organoboranes are slowly isomerized into 


At elevated mperatures 
1 that tri-sec-butvlbo 
ooserved that tri-sec-Dulyidorane Was 


the primary derivatives us, Hennion ef a 
transformed into tri-n-butylborane by heating at 200-215” for 48 hours.** 


80, 5830 (1958) 


82, 4703 (1960) 
337 (1957 

in Soc. 79, 5192 (1957). 

Browr 2, (195 dimer. Chem. Soc. $1, 6434 (1959) 
Rutkowski, J. Amer. Chem. Soc. 79, 5190 (1959) 


Hennior 


- 
J 


: 
: 
B 
CH CH 
This SEs promise as a general synthe f substituted ci . 
Equilibration of trialkylboranes wit! xcess aidorane provides a 
i 
to the monoalkylbor r their dimers) These monoalkylborar 
alcoholvzed to the « esponding boronic esters hydrolyzed to the ==. 
Consequently, hydrobo! on provides a convenient route to these derivatives (53).44 : 
HB 
THE 
1, B(OCH.). « 3 n-C_.H..BH 
By controlling the unt of excess diborane t 18 possiDie to direct the equili- 
bration reaction to the « kylt es e. Alte ively, addition of the olefin to 
excess didoTal n tetranvaroturan solut nm at it in the formation of the 
dialkylborane in good yield. In tl vay hydrobor yn likewise provides convenient 
routes to the dialk ) c acid iy esters.** 
1 ‘ +] 1} TY) 
Boron trichloride reacts rapidly with trialkylboranes at temperatures alii 100 
to give nearly quantitative yields of dialkyk r nes.*** The reaction Hilbeen 
demonstrated for tri-n-butylborane, t ybutylborane, and tri-sec-butylborane, so 
that it is relatively Se tive to the struc e of the alkyl group. At elevated tem- 
peratures the redistribution can be carried one step further—to the monoalkyldi- 
ee 42 M. F. Hawthorne and J. A. Dupont, J. Amer. Chem. Soc. S@HBB830 (1958) 
“M.F.H 82, | 
W 
a6 \ 
¢ 
G. F. 
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Hydroboration 


The isomerization is far more rapid under hydroboration conditions.*? Thus. tri- 
2-hexylborane is almost completely isomerized into tri-n-hexylborane in | hour at 
160° in diglyme solution. It has been established that small quantities of excess 
diborane, produced in the hydroboration stage, markedly catalyze the isomerization 


and make possible the low-temperature reaction. 
The isomerization reaction makes possible the synthesis of primary alcohols from 


internal olefins (54). 


HB A 
__.C¢ ¢ ¢ ¢ 


| [O] [OQ] 


50% C—C—C—C—C—C 944% (54) 


OH 


OH 


In this way it has been possible to transform a mixture of decenes containing no 


into I-decanol and a similar mixture of tetradecenes into |-tetradecanol 


Che boron atom not only moves readily down a long straight chain, but it exhibits 


no difficulty in moving past a single alkyl branch (55, 56),47 


= 
C—C 


C—C—C—-C-——C ——> C—C 


(55) 


Cc 


} 


However, under these mild conditions the boron does not migrate past a double 


branch, (57, 58) 


Cc Cc G 


C—C-—C—C—C ——> C—C 


A 


——> 


> C—C—-C—C—C (58) 


Cc B B 


*® Unpublished research with G. Zweifel. 


: 
B 
OH 
+ 
|__| 
= 
Cc B B 
Cc 
= 
C—C—C—C 
8 B 
(57) 
7 
B 
\ 
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Logan and Flautt attempted to examine the behaviour of a boron atom trapped 
between two quaternary carbon atoms. However, in this case a cyclization reaction 
occurred under relatively mild conditions (59).°° 


c—cC 
¢ 


In the usual isomerization, the boron atom migrates preferentially to the least 
hindered position in th lecule (60. 61. 62) 


(62) 


The isomerization of the boron atom from an internal position on a carbon chain 
to the terminal position can be formulated as a succession of eliminations and 
additions (63).* 


c—C—C 


H H H H H 
Cc 


B—H 


The preference of the boron for the terminal position Is postulated to be the result 
of decreased steric interactions in that location. All of the available data for the 


* H.C. Brown and G. Zweifel, J. Amer. Chem. Sox 82, 1504 (1960 


c—C c—cC c—C 
HB 
C=C c—c c—C (59) : 
c—C B c—C B 
cc H H c H 
4 
c—C—c—¢ > c—C—C—C c—c—c—C 
(60) 
B B B 
41% 58%, 
4 
- (61) 
c—-8 
B 
= 
R C—H 
H H H H H H H H H 
R—C—C—-C-——-H R—C—C=—C—H = R—C-—C—C—H (63 
' H H B H B—H H B H 
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isomerization of organoboranes are consistent with this elimination—addition 
mechanism. 


Displacement reactions'®,.47,51 


It is a consequence of the mechanism outlined above for the isomerization of organo- 
boranes that a high concentration of an olefin of similar or greater reactivity should 
result in the displacement of some or all of the olefin formed in the elimination stage. 
Ultimately there would result an equilibrium mixture of all of the possible organo- 
boranes and the two olefins (64). 

150 
RCH,CH, ———> RCH—CH, 


B 


A large excess of the displacing olefin shifts the equilibrium far tow ird the forma- 


tion of the new organoborane. Alter vely, in cases where the displacing olefin 1s 
less volatile than the product olefin produced from the organoborane, the reaction 1s 
conveniently completed by removing the volatile olefin from the reaction 
mixture by distillation (65) 

(RCH.CH.).B CH R B (65) 


This reaction has been utilized by Ké6ster as ; ient synthesis of organo- 
boranes."® Commonly triisobutviborane. readily available from the reaction of tri- 


isobutvlaluminum with methyl borate, was heated with vario lefins to displace 


isobutylene and to form the corresponding orga! his way he has syn- 


thesized numerous organoboranes, such as tri-n-decylborane (66), tricyclohexylborane 


(67) and tri-(2-phenylpropyl)-borane (68) 

3 [(CH,),CHCH,],B > CH.,CH,).B 3(CH.,).C—CH (66) 
3 [(CH,),CHCH,],B 3 (CH,),C—CH (67) 

3 C,H,C(CH,)—CH, + [(CH,),CHCH,],B > [C,H,CH(CH,)CH,],B + 3 (CH,),C—CH, (68) 


The emphasis has been different in our studies. Hydroboration provides such a 
convenient route to the organoboranes that the displacement reaction has been 
explored primarily as a new type of elimination reaction which permits the preparation 
of olefins under relatively moderate reaction conditions with very mild reagents. 

The utility of this reaction to produce pure olefins of representative structural 
types was tested as follows The olefins were hydroborated to form the corresponding 
trialkviboranes. 1-Decene was added to the reaction mixture and the olefin product 


was distilled out of the refluxing reaction mixture. In each case the purity of the 


product was established by vapor phase chromatography. The yields averaged 


80 10 per cent. 
51 H. C. Brown and M. V. Bhatt, J. Amer. Chem. Soc. 82, 2074 (1960). 
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Terminal olefins, such as |-pentene, |-hexene, 3-methyl-l-butene and 3-ethyl-1- 
pentene required approximately 6-8 hours for completion. The products were 90-96 
lefin. The 2-olefin was contained 


per cent pure l-olefins wit! 


side-product arises from the 


in the miutial fractions of 1 listilla 
1 the hydroboration of a termi 


6 
olefin 
borane 


purity 


al 
d this structure must undergo displacement more readily than the I-alkyl a 
pres¢ 
lerm AQ) > mstitu cn as ivi butence and 
for compiction of tion. ese the olefin products exhibit a of 
YR-YY ner ent 
> 
2,4,4-trime p ‘ t rgo displacement to 
produc corr 
: ‘ ‘ a pinecne / 
n 
Call va 
> > 
49 
> > 
il 
(73 4 
(74) 
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Hydroboration, isomerization of the organoborane, followed by displacement, 


provides a convenient synthetic route for the reverse transformation (75, 76, ) 


The remarkable versatility of tl 


following transformations, all of whic! 


of 90 per cent (78) 


RCH—CH 
« Cc C Cc C 
( 
RCH 4 
. 
17 
Ihis contra-thermodynamic isomerizat promises to be edingly valuable 
synthetic procedur 
onciusion 
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Cc 


c—C—C-—-C—C 
OH 


report of a simple laboratory procedure for the hydroboration of olefins 


te 1956.° Since that tume the erature dealin 


with this subject 
yf this discussion to 
resulting from these 


this topic now under 


pments have been rapid 


¥.1n portant synthetic 


aro- 
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HB 
c—C—C C—C > C—C—C—C—C > C—C—_C—C—C 
Cc = Cc 78) 
Cc Cc 
OH OH 
Che first 
a dates back only to 
has grown enormously, and it was not possidic within the um 
present a complete r \ It is hoped that any immyustices 
' limitations mav largely be remedied in a more detailed review of TTT 
pre paration 
procedures based on the ! ydroboration reaction will be forthcoming lhe iz 
. boration reaction promises to become one OF Uk aior synthetic tools at the disposal 
of the organic chemist : 
by Parke, D ( | ( \ ( d ind t Ethy! 
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REDUCTIVE 


G. W. K. Cavitt, P. S. CLezy and F. B. WHITFIELD 
| \ Univers tv of New South Wales Aust alia 


School of Chemistry, 


ceived 20 September 1960) 


(Re 


Abstract—The reduct 


acid is described, the products Deing characterized Dy fra-red spec A Ss p t is 

pr vided for the struc issignec the reduced acetylated derivative ae D ethyl 

ester Nitrous acid as general ty pi catio as an oxidant for the conversio I phenoxazines into 


phenoxazin-3-ones 
RECENT investigations have shown the existence of a new class of organic pigments in 
Nature represented by the ommochromes.' the actinomycins®:* and cinnabarin.*° 
The presence of the phenoxazone chromophore (1) in these pigments has revived 


interest in phenoxazine chemistry. a study that has lain dormant for the last half 


The reductive acetylation of various phenoxazin-3-ones, and their subsequent 
These reactions have 


century 
reoxidation with nitrous acid has now been further investigated. 
been employed in the characterization of cinnabarin and its derivatives. 


CH,OR COOR, 


N 


Reductive acetylation of cinnabarin (II, R, R, = H) yielded triacetylanhydro- 
dihydrocinnabarin (IIl)** whilst a triacetyldihydro derivative (IV, R H) was 
obtained as a by-product.® Similarly, methyl cinnabarin (II, H, R, = 


gave methyl triacetyldihydrocinnabarin (IV, R CH,).*:° Since O-acetylcinnabarin 


(If, R, Ac, R, = H) and methyl O-acetylcinnabarin (II, R, Ac, Rg = CH,) can 


0 OOR 
CH.OAc CH, CH, OAc coc 
H 
N NHAc 


N N 
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also be converted into III and TV (R = CH,) respectively, one acetyl group was 
accommodated on the primary alcoholic group at position 9.4.7 The second acetyl 
group was placed at position 3, thereby stabilizing the reduced products. The third 
was placed on the 2-amino substituent. The “anhydro” derivative ( 111) was formulated 
as an oOxazinone, involving the cyclization of the l-carboxy and 2-acetylamino 
substituents, and the absence of such a derivative from the products of reductive 
acetylation of methyl cinnabarin supports this formulation.’ 

In the present studies, the reductive acetylation of some model phenoxazin-3-ones 
gives two series of phenoxazine derivatives, in W hich, the degree of acetylation depends 
upon the reaction conditions. Under mild conditions, 3-acetoxyphenoxazines are 
obtained, whilst more vigorous conditions are required to achieve acetylation of the 
ring nitrogen atom Mild reductive acetylation of phenoxazin-3-one (1) gives a 
monoacetyl derivative formulated as 3-acetoxyphenoxazine (V, R, R, H) on 
') and at 


the basis of its absorption a 3336 cm”! (NH. cf. phenoxazine 3386 cm 


1750cm™' (aromatic acetate cl 3.5-dimethoxy 2-diacetylaminophenylacetate 


1763 cm™').2:* The lowered NH frequency of 3-acetoxyphenoxazine ts presumably 


due to hydrogen bonding with the ester group.” vigorous reductive acetylation 
of phenoxazin-3-one gives a diacetyl derivative, tr: arent in the 3u region of the 


spectrum but showu rption at 1756cm™' (aromatic acetate) and 1687 cm™ 


(N-acetyl, cl -acetylphenoxazine 1672 cm he diacetyl derivative is then 
formulated as 3-acetoxy-10-acetylphenoxazine (V, R, Ac, R. = H). Comparably, 

hoxy-3-acetoxyphenoxazine (V, R, H,R OCH.) and 2-methoxy-3- 
acetoxy-10-acetylphenoxazine (V, R, » Ro OCH.) have been obtained from 


+ 


-methoxyphenoxazin j-one (VIL R 


The pattern ts complicated by the presence of the sul t groups in 2-hydroxy 
and 2-aminophenoxazin-3-one (VILR OH and R ,, respectively). Vigorous 
reductive acetylation of 2-hydroxyphenoxazin 3-one produced a triacetate showing 
bands at 177 ' (aromatic acetate) and 1694 cm (N-acetyl), which are consistent 
with structure (V, R, Ac, R. = OAc) for this compound. The diacetate obtained 
under milder conditions, exhibits absorptions at 3342 cm !(NH) and 1767, 1749 cm™ 
(aromatic acetate). The lower of these carbonyl absorptions ts assigned to a hydrogen 
bonded ester carbonyl group. Mild reductive acetylation of 2-aminophenoxazin-3-one 
yields a diacetate, with absorptions at 3302 cm! (NH), 1730 cm™ (aromatic acetate) 
and 1672 cm™! (N-acetyl). Reference to the previous model compounds shows clearly 
that vigorous conditions are necessary for the acetylation of the bridge NH group, so 


that the latter frequency (1672 cm~') is assigned to an acetylamino group in position 2. 


ty of these acetylated product 
Gripenberg Pr Chen +O 
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Hence this diacetate is formulated as 2-acetylamino-3-acetoxyphenoxazine (V, 
R, = H, R, = NHAc). Two products were obtained by vigorous reductive acetyla- 
tion of 2-aminophenoxazin-3-one, a triacetate (V, R, H, R, = NAc,) showing 
absorptions at 3340cm™! (NH), 1769 (aromatic acetate), 1710, 1701 cm™ 
(diacetylamine*>*), and a tetraacetate (V, R, Ac, Rg = NAc,)* with absorptions at 
1677 (N-acetyl), 


amine). These assignments are in accord with the formulations given above. 


0 cm! (aromatic acetate), and 1723, 1710 cm~ (diacetyl- 


In contrast to these systems, cinnabarinic acid (VII) on reductive acetylation yields 


only one product, a diacetate, which has carbonyl bands at 1760 cm land 1743 cm 


COOH 


(aromatic acetate and oxazinone respectively, cf. triacetylanhydrodihydrocinnabarin 
1769 and 1736 cm"! 


bonded carbonyl group, and the absorption at 3240 cm™ is that of the N—H grou 
group 


). A third carbonyl band at 1672 cm~ is assigned to the hydrogen 


j 


of the phenoxazine ring Diacetylanhydrodihydrocinnabarinic acid is thus formulated 


as (VILL R H), and methylation of this compound with diazomethane, yields a 


monomethyl ester (VIII, R CH,) further supporting the presence of the oxazinone 
sysiem 
The above results verify the structures III and IV, (R CH,) proposed inde- 


pendently*»> for the reduced acetylated derivatives cinnabarin and of methyl 


cinnabarin. Moreover. the isolation of only one rivative from the reductive 


acetylation of cinnabarinic acid supports the hypothe lat acetylation of the ring 
nitrogen atom is prevented by steric effects of the large groups at positions | and 9. 
Previous papers' irom this laboratory have described the use of nitrous acid for 


the oxidation of triacetylanhydrodihydrocinnabarin (Ill) to O. N-di icetvicinnabarin 


(IX, R H). and for the oxidation methyl triacetyldihydrocinnabarin (IV, R 
CH,) to methyl O-N-diacetylcinnabarin (IX, R CH.,). 


This oxidation process is now shown to have general application. Phenoxazine is 
converted into phenoxazin-3-one (1), at 5°, but more vigorous conditions (60° for 
5 mins) are needed to obtain the same product from 10-acetylphenoxazine. 3- 
Acetoxyphenoxazine (V, R, R, = H) and 3-acetoxy-10-acetylphenoxazine (V, 
R, Ac, R, = H) also yield phenoxazin-3-one, when treated with nitrous acid at 5 
Similarly, 2-acetylamino-, 2-diacetylamino-, and 10-acetyl-2-diacetylamino-3-acetoxy- 
phenoxazine (V, R, H, Rg = NHAc; R, H, Rg = NAc,; R, Ac, R, = NAc, 


1° R. A. Abramovitch, J. Chem. So 3 (1957 
11 G. W. K. Cavill, P. S. Clezy and J ta 1c. 2646 (1957) 
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respectively) are converted into 2-acetylaminophenoxazin-3-one (VILR NHAc): 


whilst 2.3 diacetoxyphenoxazine (V, R, H.R, OAc) and 2.3-diacetoxy-10- 
| 


acetylphenoxazine (V, R, Ac, R, = OAc) yield 2-acetoxyphenoxazin-3-one (VI, 
R — OAc). Finally, 2-methoxy-3-acetoxyphenoxazine (V, R, = H, Ry OCH,) and 
its 10-acetyl derivative, require a more vigorous oxidation to give 2-methoxy- 
phenoxazin-3-one (VI, R OCH,) 

The generality of the oxidation process described above, confirms the phenoxazin- 
3-one structures (IX, R = H and R = CH,) previously assigned* to the products 


obtained by the action of nitrous acid on triacetvilanhydrodihydrocinnabarin (III) 


and methyl triacetyidihydrocinnabarin (IV, R CH,) 


EXPERIMENTAI 
grade H, (Peter Spence), 
| by Dr. I 
(Mel- 
The 
Nujol”, and the 


minated the ultra-vio 


Kehrmann and Saager, 


ir 


5 po ired 
the solution 
dried (Na,SO,) 
from benzene 
3336 (m). 1750 


70-0; H, 4-2; N, 


vdride (30 ml) and 


The pale yellow reaction 


Diepolder’* reports m.p 
H.O.N: C. 67:4, H, 3:3; N, 
in acetic anhydride (22 ml) 
red solution was shaken with 
By the usual procedure, 
, m.p. 145-146" from benzene 
C. 64:5: H, 44; N, 47; Ac, 
2Ac, 28°8 ©.) 
10-Acetyl-2,3-dic vvphenoxazine. (a) 2-Hydroxyphenoxazin-3-one (150mg), in acetic an- 
hydride » mi und pyr dine (GG drops) was heated under reflux for 3 min The red solution, after 
18 F. Kehrmann and A. Saager, Ber. Dtsch. Chem. Ge 35, 341 (1902). 


3 FE. Diepolder Dtsch. Chem. Ges. 35, 2816 (1902) 


+ 
Licht peti m has b.p. 60-80 
neultl Dy ct rev 
: bour Wenz ric 
a bands e 3u and 6m reg wre recorded below. Mr. D. Weedon detcr Ect 
absorpt spectra ent All mu irc ncorrected 
3-A P (750 n prepared after and 
purified b na chromatography uo, in acetic a : 
Py e (1 ke i xc dust at room temp for 15 m 
at 100 They separated KCeSS c by dec: 
onto ice whe t cH ted (300 mg I} i was dissolved in chi 
‘ 1 water adi « 
washed wil Satur ed a Ca i ater, and 
; light petroleur ve 3 ine, as colourless plates, m.p. 144-145 
(s)c | i: C. 70-1: H, 4:3; N, 5-75; Ac, 184 C,,H,,0,N requires: C, 
$8: Ac. 17 
10-Aceryl-3-acet vazine. Phenoxazin-3-one (500 mg), in acetic anh 
pyridine (2 n ken with zine dust (4g) at room temp for 10 nin, 
7 m xt after Lal cK re 10 Th 1) is atx vt 
10-Acet yl-3-acet azine (250 mg) btained fr benzene-| tht petroleum as colourless 
needles, m.p. 124-5—12 1756 (s), 1687 (s) « Found: C, 67-6; H, 4:35; N, 50; Ac, 
0-0 C,,H,.0\N 1 res: C. 67-8: H, 46; N, 49 2Ac, 
2-Hydro. ne (modification of Diepolder’s method).* A mixture of 2-aminophenol 
(6 @). ferric ¢ ride hex vdrate (40 d hydrochloric d (10 N: 350 ml) was heated under reflux 
fi The dee nr | was uted wit (700 mil) extracted with chlor form 
(it 100 ml) and t latter extract shaken with a sodium cart ate (5 6 200 ml) 
The rec fl bpOTesSee | cep re | ilk iline solution was acidified 
i} bl t 170200 /2 mm). to give 
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cooling, was shaken with zinc dust (200 mg) at room temp for 10 min. The resultant colourless 
solution was heated under reflux (1 hr) whence 10-acetyl-2-3-diacetoxyphenoxazine (120 mg) was 
finally obtained, as colourless plates, m.p 142-5-143°, from benzene-light petroleum, depressed to 
114° on admixture with 2,3-diacetoxyphenoxazine. Ymax 1775 (s) 1694 (s) cm t (Found: C, 63-0; 
H, 4:15; N, 4°55; Ac, 362%. CysH:sO,N requires: C, 63°35; H, 4-4; N, 41; 3Ac, 37-7%). 

(b) 2,3-Diacetoxyphenoxazine (450 mg) in acetic anhydride (15 ml) and pyridine (0°5 ml) was 
heated under reflux for 30 min. By the usual procedure, 10-ac« tyl-2,3-diacetoxyphenoxazine (300 mg) 
was obtained as colourless plates m.p. |! 42:5-143° from benzene-light petroleum. (1 ound: C, 63-6; 
H, 4-4; N, 44° C,,H,,;O,N requires: C, 63-35; H, 44; N, 41%) 

2-Methoxyphenoxazin-3-one 2-Hydroxyphenoxazin-3-one (500 mg) and anhydrous potassium 
carbonate (13-4 g) were suspended in dry acetone (500 ml) containing methyl iodide (10g). The 


nixture was heated under reflux for 5 hr when methyl iodide (10 g) was added, and the heating 
continued (Shr). The potasstum carbonate wa noved filtration and the filtrate reduced in 
volume (100 ml) in vacuo, whereupon 2-methox lenoxazin-3- 280 mg) precipitated. A further 
quantity (SO mg) was obtained alumina iromat pl f the 1 du tained by complete 
removal of the solvent. Purification, by sublimation 0-1‘ mm), gay -methoxyphenoxazin- 
3-one as a pale yellow solid, m.p 5° np). 10°, 10°) 

(Found: C, 68:5; H, 
2-Methoxy-3 tox) oxazin thoxvphenoxazin-3-one (1 g n acetic anhydride 
The 


and the 


np). (Found 


anhydride (43 

ml). and pyridine (2 ml), was shaken with zinc dust at re 1 temp I I he lourless 

reaction mixtur then heated at 100 [ nin re usual working uf edure gave 2-acetfy/- 

(900 mg) a olourless need m.p. 220° from c¢ form—benzene 

»x 3302 3 75 (s) cm ind 6H, ,O.N, 
require N, 9-4; 2Ac 


10-Acetyl-2-« tyl no-3-acetox yphem (a) 2-Aminophenoxazin-3-one (1 g), in acetic 


anhydride (43 ) and pyr dine (2 ml) wa iker : zinc dust (4 g) at room temp for 10 min, and 


the colourless reaction mixture then heated ur for 10 min. Following the usual procedure, 
the reduced acetylated product was obtained lou solid, further resolved on recrystalliza- 
tion from benzene. The more soluble fraction, when recrystallized from benzene—light petroleum 
gave 10-acetyl-2-diacetylamino-3-acetoxyphenoxazine (600 mg) ¢ heavy colourless plates, m.p 
181-182°. Cavill et al* reports m.p. 184 185 Ymax 1677 (m), 1710 (s), 1723 (s), 1770 (s) cm 
(Found: C. 62:8: H. N, 7:2; Ac, 451%). Calc. for C, 62°75; H, 4°75; N, 73; 
4Ac, 45-1 °%) 


The less soluble product gave 2-diacet ylamino-3-acetoxyphenoxazine | 150 mg) further purified by 


140. Fischer and O. Jonas, Ber. Dtsch. Chem. Ges. 27, 2782 (1894). 


colourless solution, separated from the excess zinc Dy decantation, was poured into icc, Hi: 
resultant solid was purified in the usual way. 2-Methoxy-3-acetoxyph¢ xazine (150 mg) was ob- 
tained from benzene yht petroleum a irless needles, m.p. 172-174 3336 (m), 1756 (s) 4 
: cn (Found: C, 66°65; H, 5-0; N, 5:1; Ac, 143 C,.H,,0,N requires: C, 66-4; H, 48; N, 
Ac, 15-85%) 
10-Acet yl-2-met/ 3-acetoxyphenoxazil ?-Methoxyphenoxazin-3-one 300 mg), in acetic 
anh ride (12 )anGg py line (1 ml) iken \V zinc dust (3 ¢ il ro tc p ior 10 min, after 
which the colour lut vas heated ler reflux for 10 10-A neti y-3-aceloxy- 
phenoxazine (400 wa ybtained from aqu Ilcohol as colourle eedies, p. 148-149 
ane 1755 (s), 1681 (Found: C, 65-4: H, 4:9; N, 44 Ac, 25:3 C,-H,-O.N requires 
C, 65:2; H, N, 45; 2Ac, 27:1 
>~Ami enoxa t.one (after Fischer and Jonas) 2-An yp he 1(5¢) loroform (300 
mi), was treated at 60 th yellow mercuric oxide (15 1dded er 151 the mixture being wel é 
stirred. Finally, the mixture was heated ler reflux for 10 t deep red t tered and the : 
filtrate concentrated | acu 50 ml). 2-A phenoxa j-one (4 ¥) whicl btained in a : 
crystailine state [rom the ¢ centrate, was turtl r pul 1 DY rec stal tion {ror benzene, to give 
>A 
deep purple plates, m.p. 256-257° (decomp) Fischer and Jonas" report m.p. 249° (deco : | 
ET 2 NJ 2.4) Cale for C..H.O.N 67-905: H. 3-8: N. 13-2 
| 
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recrystallization from benzene-light petroleum as fine colourless needles m.p. 195 


196°. 3340 


(m), 1769 (s), 1710 (s), 1701 (s) cn (t nd: C, 63-9; H, 44; N, 80; Ac, 37-4 C,.HyON, 
requires: C, 63:5: H, 4°75; N, 82: 3Ac, 38°0°,) 
3 (b) 2-Ace i ; izine (60 mg), in acetic anhydride (5 ml) and pyridine (3 
drops), wa eated let r t 110 2-diac la »- 3-acetoxyphenoxazine 
60 whic pla pe leum, m.p. and xed m p 
tha the Cc spec 179-180 Found: C, 63 H, 4-6; N, 7-4 Calc. for C.,.H,,.OQ,N 
C, 62-75, H, 4-7 N 
(c) 2-Diace ‘ { vdride { ) and pyridine 
0-5 -Ac xvphenoxazine (80 mg) 
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A yellow solid (135 mg) deposited, which after purification by alumina 


nitrate (30°.: 10 ml) 
chromatography and recrystallization from benzene, gave 2-acetylaminophenoxazin-3-one as yellow 
274° (decomp) undepressed by an authentic sample prepared after Fischer and Hepp."* 


65-9; H, 3-9; N, 10-95 Calc. for 


needles m.p 
240, 400 mu (e, 10°, 25-9 10°). (Found 


Ay + I 


CyHwO,N. C, N, 110%) 
Oxidation of 2-diacet ylamino-3-acetox yphenoxazine, 2-Diacetylamino-3-acetox yphenoxazine (100 
mg), in ethanol 10 ml) and 10N HCI (1 ml) was treated at 5° for 2 hr with aqueous sodium 
extraction ol 


(decomp). 


Calc. for 


2-acetylaminophenox 


imino-5-ace- 


purified as above to give 7in-3-one, m.p. and mixed m.p. 290° 
hax 240, 400 my (ce, 31-4 108, 24-8 = 10°). (Found: C, 663; H, 41: N, 113%. 
CigHwO,N,: C, 66:1; H, 40; N, 11-0°%,) 
O 1 of 10 tyl-2 cet ylamino-3-aceto he izine. 10-Acetyl-2-diacety : 
toxyphenoxazine 50 ), inol (9 15 ml) ; ION HCI (G is treated at 5° for 1 hr 
) xed 974 com 240. 400 4 0 6-2 10*) 
Fo ( H 0 ( c. for H..O.N ( H.40: N 0 ) 
| fy we 10-a diac 8 mg), m.p 
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THEORIE DU POUVOIR ROTATOIRE NATUREL 


DANS LA METHODE DES ORBITALES MOLECULAIRES 


\ JULG 


Laboratoire de Chimie T 


Resume 


enectique de irequence } 


ent nulle, du pl in de 


la rotation moléculaire 


constante de Planck, A 


n constante dielectrig 


nombre d’Avogadro, 
orce rotatoire de la transition clectronique 
probabilite de trouver la molecule dans l’état a. 
la convention de signe adoptee, p est positif pour un compose dextrogyre. 


a-—»b de frequence 1 


Avec 


Pratiquement, 4 la température ordinaire la population des niveaux excites est 
négligeable si bieu g 


ue nous pouvous simplifier expression de p en ne consideérant 
! Voir par exemple: H. Eyring 


vw. J. Walter et G. Kimball, Quantum Chemistry John Wiley, New York (1949): 
W. Kauzmann, Quantum Chemistry Academic Press, New York (1957) 
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RS heorique, Faculté des Sciences, Place Victor Hugo 
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Absiract— | M.0O power I itio he 
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link ihe re agre ent 
rotat part ic th several asymmetry 
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que les transitions monoélectroniques a — b qui font passer la molecule de son état 


fondamental a a divers é¢tats excités b. Dans ces conditions 


As 


clip 


(A constante positive caracteristique de la substance) Le probleme se 


ramene donc a lévaluation des forces rotatoires Ray, des diverses transitions 


clec troniques poss bles 


Nous examinerons d’abord le cas de molecules ne possedant qu’un seul centre 


d’asymétrie, c’est-a-dire un atome substitue par des groupements tous différents Apres 


np 


nous passerons au ca plus complexe de molecules possedant plusieurs centres 


que 


dg asymmetric 


Considérons d’abord pour fixer les idées une molecule saturee constituée d’un 


A li¢ 4 quatre atomes B,, B., B, et B,. Pour decrire les fonctions d’onde des 


atome 


liaisons AB; nous utiliserons des combinatsons lineaires des orbitales atomiques @ 


des atomes B et 7 de l'atome A. Les orbitales 7 sont orthogonales entre elles mais les 

et y ne le sont pas. Pour simplifier les calculs on a avantage a remplacer ces 
orbitales par des orbitales orthogonalisces selon le procede de Léwdin.* Nous 
névligerons les integrales de recouvrement | dr a cause de leur petitesse. Ona 


Les orbitales moléculaires 


en designant par (ab 


orthogonales décrivant chaque liaison AB, sont 


ntal 


fondame 


excite 


Si nous utilisons pour construire la fonction moléculaire @ les orbitales 7 et des 
atomes isolés, les fonctions 7 et  possedent en general un axe de revolution, le terme 


si de revolution autour de la droite AB;, mais il n’en est 
pas de méme pour le second. Tout au plus si les trois atomes B,, B, et B, sont 
identiques, ce terme posséde une symetrie d’ordre 3 autour de la droite AB,. Si deux 
sont identiques (B, et B,) la fonction posséde pour plan de symetrie le plan AB,B,. 
liaisons o nous ne pouvons pas utiliser 


Us 


De plus nous savons® que pour construire les 


ut tenir compte de la 


les orbitales des atomes isoles dans leur état fondamental, qu'il fat 


perturbation causee pal le substituant lui-meme qui déforme les orbitales de base en 


faisant intervenir des orbitales excitées de l’atome si bien que l'ensemble des orbitales 


x possedent la disymetrie imposée par les substituants B. Les orbitales moléculaires 


? P. O. Léwdin, J. Chem. Phys. 18, 365 (1950). 


Jule, J. Chim. Phys. 57, 19 (1960). 


a 
Vab~ 
l VU olécules ne possédant qu'un seul centre d’asymétrie 
alors au second ordre 
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g et ~* ne sont donc pas de révolution mais possédent la symétrie totale de la molécule. 
Nous admettrons que les centres de gravité des orbitales «;' et 7; sont alignes avec les 
noyaux A et B). 


Le fait que les fonctions moleéculaires décrivant les liaisons o ne sont pas de 


révolution peut paraitre en contradiction avec ‘opinion couramment admise. En 
réalité la contradiction n'est qu’apparente. Lorsqu’on parle de liaison ¢ on entend 
orbitale moléculaire localisée construite sur les orbitales atomiques des atomes 
“chimiquement lies”. Mais ces fonctions ¢ ainsi définies ne sont pas orthogonales et 
leur produit antisymetrise ne saurait representer correctement la molecule. Ici au 
contraire, nous utilisons des fonctions orthogonales dont l‘ensemble décrit correcte- 
ment la molecule. Mais ce que nous gagno ‘n rigueur, nous le perdons en compre- 
hension intuitive, les fonctions moléculaires représentant les paires d’electrons dans 
la molécule ne sont pas localisees entre deux atomes 1 font intervenir les atomes 
voisins. En d'autres termes, le yn ns de liaison ne correspondent pas au trait 
unissant les atomes dans 

Les fonctions q, ain nstruites étan thogonales entre elles, l'état fondamental 


a est decrit par le 


une 
tales d’indice different qul 
nécessitent des 

ons, c’est-a-dire superieures a 
Elles apportent donc une 

des grandes longeurs 

is nous bornerons donc 


xcite corre spondant a 


rrbitales moleculaires a et b 


charge de l’electron 
eh 
et: M => rot.r (m masse de l’électron) 


L’opérateur R étant la somme d’operateurs monoelectroniques, (a|R|b) se reduit a la 


‘les orbitales q; et @,* mises en jeu dans la transition. On adonc 
(alRib) = (M4) 


V Any, 


4 
iy 42 iy 4 
Un état excité b est obtenu en faisant passer un ele 
orbitale excitece guelconqu Les transitions en 
Se traduisent par un transfert d clectron d unc ial 
energics supericures a Cclics 10 ition des 
contr ition negligeaDdie au pouvoir rotatoire dans F 
d’onde sible et proche ultra-violet) qi ous Occup. 
| } 4 par exempie s ecrit 
V2 
Cale j » fre 
UC itt Cc 
La force rotatoire Ry, s'exprime! en fonction des (ii 
décrival ics onda entai ct excite pa a relation 
R Im{(alRib)-(b| Mia) 
R représente l’opérateure 
des 
‘ 1° 
r rayon vecteur de lelectron ] 
| 
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Soit au second ordre en S: 


(alR|b); = V — = V 


en désignant par G,, et G,,, les centres de gravité des orbitales 7’ et w’. Le vecteur 
G,, G.,, étant porte par la droite AB; nous ecrirons: (a|R{b); AB, gi etant un 
coefficient positif déterminé uniquement par les orbitales qj et g,* de la liaison ABj. 
Pour calculer le vecteur (b|Mja); relatif a la transition qj — q,”, il est commode de 
choisir pour axe des z la droite orientee AB;. Seule la partie imaginaire m; de sa 


] 


le calcul de la force rotatoire puisque les 


composante Suivant cet axe intervient dans 


autres composantes sont perpendiculaires au vecteur (a|R{b) 7; AB;. 


en deéesignant par @ la variable de reperag ulaire u > Paxe AB;. D’ou 
l’expression de la force rotatoire relative a la transition de fréquence »; mettant en 


jeu la liaison AB o;m et celle du pouvoir rotatoire de la 


Discussion generale de i expression de ta rotal 


Remarquons tout d’abord que la force rotatoire etant proportionnelle aux quan- 


tités mm. si les fonctions » sont de révolution les dérivees Les liaisons 


correspondantes n’apportent aucun ‘tribution au pouvoir rotatoi n voit donc 
que l’activite optique est li¢e a la disymetrie des orbitales molecul 

Nous allons maintenant montrer que l’expressi ci-dessu 
culaire permet de retrouver les propositions classiqt 

Examinons d’abord le cas particulier ou deux orbitales g, et v2 sont identiques, 
ce qui se produit si les atomes B, et B, sont de méme nature. Les 1 tiONS Gz e 


i 


ainsi que ¢,* et ¢,” possédent le plan ,comme plan de symetrie. Si nous dévelop- 


pons en série de Fourier ces fonctions nN é ua cos nv en comptant fa parti 


du plan de symetrie. Les deérivees = ‘S n ap sin nf sont antisymetriques par 

rapport ace plan. Les quantités m, et m, sont donc nulles. D’autre part, les fonctions 


P, et Y, étant par hypothése identiques, donc de méme énergie, forment un systeme 


dégénéré. Nous les remplacerons par les combinaisons : q (2) pour les 
états fondamentaux et ¢") pour les états excites. Les fonctions y et 


y 


plan AB,B,. Il en resulte que la transition 4 >y entre fonctions possedant un 


yx sont, soit symetriques (signe ), soit antisymetrique (signe } par rapport au 


plan de symétrie n’apporte aucune contribution au pouvoir rotatoire (m 0). De 


méme y_— y_*. Pour les transitions entre fonctions de symétrie differente y y_* 


et y_— y,*, les répartitions y,y_* et y_y.,* possédent le plan AB,B, comme plan 


d’antisymétrie. Les vecteurs (a|R|b) correspondant sont perpendiculaires a ce plan. 


4 
he 
env Z Cc env 2 / ‘ 
mj q a= } aT at at 4 
molecule: 
x y2 
y.2 
3 
4 


Les valeurs de m le long de l’axe z’ de ces vecteurs sont nulles puisque les ¢lements 


différentiels — sont deux a deux opposes: ( z’) et q(—z’') 


transitions entre orbitales d’indice differents apportent 


elle est inactive”’. 
les par rapport a un 
liaison AB, dans les 


s deux cas 


f) on en conclut 


la seconde lol 
in plan les contributions de 
sédaient un plan de 


es ne posseder pas ce 


ent qui naturellement 


itomes B, n’inter- 


nous avons 
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a 
soit: — (Z ). 
On verrait de m¢me que 
une contribution nulle. D’ou la premiere 
“Sj la molécule AB,B,B,B, posséde deux liaisons identiques 
Considérons maintenant deux molécules M, et M, symetric , 
rr me) ior | 1) 
| jeux mo les. Les (a!R!b) correspondantes sont égales dans lc 
4 2, AB;. Les m so! ypposés. En effet on peut ecrire en supprimant "indice 1: 
f 
inf “na cin (1 
‘ rannort in nla lor (f)) 
Or pal t symetriques } ipport a un pian donc: ) 
I 
soil a et 
} \ 
‘ 
sin (nv } - 
Comme d autre part p< les orbitales excites ) 
a7 dt Cc eSt-a-dcire 
“Dans deux molecules symetriques par rapport a 
chaque es pouvi | 
plan, on peut toujou ymener 4 ce cas par un déplacemn iii 
laisse inchangec ileur de la rotation moleculaire 
( aicui dé ¢ fales atomique 
olus de vénéralité nous introduirons les orbitales t,; des 
venant pas directement dans la liaison avec A. Au second ordre pres, =: 
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Soit en posant: S (471), Sx (17%), (7, ,) et r 


K 


2 


hi 


Supposons que les diverses orbitales @ et ¥ soient de revolution autour de leurs axes 
principaux. En posant: A, = > ryt, 


(fonction de revolution) 


Si les orbitales t,,; sont identiqu u ient u ie de revolution, ce qui 
arrive si l’'atome B, est m« alent (hydrog _ halogénes) ou substitué par des 


radicaux monovalents s ire ple si B, est un carbone sp, d’un eroupe- 
ment meéthyle), la derivee — t nulle ans le ci yntraire, puisque B, n'est pas 
un centre d’asymetrie, SS ) plan de symétrie (c’est le cas d’un atome d’oxygene 
alcoolique). La derivee — possede alors un plan d ymetrie ais Sila rotation 


autour de la liaison AB 
tion et l’on est ramene 


D’autre part 


(foncti 


Dans le calcul de | 


ou (fct de revol.) 


SI A, possede un 


00 \ Ow ) Cy 
soit ~ Noa ~ = 
Po est parfaitement libre la valeur moyenne de A, est de revolu- 
au premier Ca 
de révolution) \ S (6 
> bus 
Iz s’introduisent des termes tels que | (fet. de révol.) =~ dz 
‘i 
dy qui sont nu que | (fet de revol.) dT 
on ou 
Hee plan de symetrie De méme — r dans tous les cas. Reste: 
ou 
OA 
ov ou = of 
OA, 
z2N O71S, om = (How x8, 71) 
On ) OY, | 
xB A Lis 
on oo 


orbitales 7 


orthogonale de méme 
ins la meme direction que 


sont donc 


Les orbitales 


of ou ou ov 
cal - at { 
ov 
> 
; 
et it} r dr sin yw dy| dU 
or 
fj 
(en coordonnees spncriquc 
De méme pour le terme ¥ > . éduit done 
f 
2yy 
Ma () 
D éme ry che ‘ 1A Si A 1 valeur 
| ‘ termes Gu 
| | | | cs 
B ns } k | 
O | LS o, | 
ets dr est ni ‘ taonc que i du pouvoir 
rotatoire esi ce ] fou er du substituant. 
sont dec 1 forme ; 
est Porbitale non perturbec Pest une orbitale ex 
symectric sp, que 7,” c est re en particulier pointant « 
construite sur des orbitales atomiques supéricures. 
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égales entre elles. de meme les & est un nombre petit devant ‘unite. De méme 


NOUS POserons: Ay Sy en designant pars l’integrale de recouvre- 


ment (m@,¢,") 


Nous 


Oa 
ov 
Oy 0 
hes 
ir et | nt it Linsi que | 
) lict B nt de meme 
au | lisyme 
de la ‘ 
de + nlac B 
| 
| 
c) 
Solt 
(l—a+b+cK-—! dr =0 
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au second ordre 


*s intégrales correspondant a B, et B,. La 
déformation ang re nunt ient qu: rdre lle est donc neégligeable 
devant l’eflet de deform 


qu app! electrone 

pas FOI 

t il montre 

yroche 
rapprocnel 

‘aneroie d'un électr 

energie G UN 


pertur bee 


W 


De méme l'intéegrale coulombienne correspondante est: 


Pi 
Chem. Pi §4, 3570 (1932) 
Phys. 55, 413 (1958) 


Fraluation des differ css 
I icterminauio pos probiet | du traitement des larsons 
Cor \ B. Placée da ‘ le Paton neutre B orbitale 
; y aX tome A po ul ers B se defor Lx par a ct b les orbitales pertur 
bees d yes A et B. La theorie du ¢ np self-consistent introduit entre autres 
wate ~ 
i> 
| SW (B ib) 
| | SW (A ) 
Soit « troduisant les potentiels A et B crees pat il $ neutres et les integrales 
ment S selon la formule de M h 
| SW bb. ab) SiW b Sia. B. ab) 
De méme | STW (a-. am) \ ab) 
Ces qual raicnt ¢ ucau ac tc ac perateurs Cn reatite 
lorsg de Slater non pertu cette « n est pas Satustaite 
Ce p ymeéne se renc e méme pour les orbitale par exemple a propos du 
Th ms nett N ) verification cde tte egalitc 
necess stun i¢ pou Cs roit sal 
Ent eal tre le es (B. ab) et (A, ab), | ntraine 
W i W b=). c es re tronegs tivites les orbditaies 
et b sens de Mulliken’ s egaic En reant la iriation ronicilte 
dans l’'atome neut! t le ons W ne d ionisation t Vintegrale 
couromd ni iri J 4 te eiectronique) est-a-dire 
: W J j Les ek ents de trice I et | sont egaux, in y : 
a pas ac depla vl t de charg e long de la lais Le moment de la liatsor AB se 
’ reduit nc aux moments atomiques, non ni nuisgue les centres d ravite des 
orbital! ne vit pas a les nova, A cl 
I valivites des 
4 orb aun leger 
? dep les electro- 
neg: 
2 252 32 
(H | 7 + 226) = W, + 
J (y* + 2Ayvé | +- 
‘no notations voir par exemple: G. Berthier, J. Chim. Phys. 50, 344 (1953). 
*A. Jule ct M. B 1960 
7 R. S. Mulliken 
A. Jule. J. Chim 
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Soit au second ordre 


Supposons pour 


l"élec tronegativite 


pertu Dans la molec 


celle 

autre part 
tivites aes 


aboutissan 


ceiul de la 


l’énergie de 


olécule CFCIBrI 
I. Les 


electrone 


celul de 
L(A, 


Cc est-a-dire celul ( 


L’évaluation des quantités I n’est pas simple. loutefois il est certain qu’elles varient 


dans le méme sens que les intégrales de recouvrement o. Donc le sign 


ne de p est 


P. Mathieu ‘ r cula Pouve R 
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oe Po fixer les idées (ce sera en general le cas qui nous interessera) que 
dc |'atome B non perturbée soit supericure a celle de | atome A non 
tale dans latome A non perturb C est-a-dire 0 et A, 0. 
la rpation est a tant pit anac¢ tronecga- 
" omes A et B est plus gt e. Si bien qu’ici pour les diverses liaisons AB, 
: A des orbitales initialement identiques de latome A no prendrons 
ate (A, proportionnel a les 2 étant négatifs 
C est certaine! nt le probles Pius IM] riant que ‘Sa ra I er le signe 
: du pouvoir rotatoire a la geometrie entatives ont été 
faites.”.** En princip es expre proposees ici doivent p ttre de resoudre le 
probi ne Mais ta clic I nstant ner quan- 
tites intervenant Gans i CAp nes ipa es inter] ns entes. 
Une approche est cependant possibdic L’expression de la rotati eculaire 
: { 
Ri 1 que pour une fréquence legerement rieure a la plus 
basse fréquence d’absorption, p a le signe de la force rotatoire Rj correspon lant a 
cette transition. Le signe du pouvoir rotatoire dans cette région est donc i! 
somme: > o,1,(7 ) correspondant a la premi¢re transition Or x 
transition dans un systeme \ B varie dans le méme sens que la différence des 
électronégativités respectives des atomes A et B. Avec nos notations nous devons 
choisu pour atome B atome dont lelectronegativite est la pil §s vorsine de celle de 
‘ 
l'atome central A 
Pour aller plus loin, nous prencrons un exemple, celts | 
representce sur la figure La premiere transition correspond liaisol 
17 
t Br étant peu differentes par rapport a celle du 
nation admettre A, / Le signe de pest donc Z 
: 
4 i 
\Ay Ay cil Ley] 
voir par exemple: J. ofatoire Naturel. Gauthier-Villars 
Paris (1946). Handbu 28, 
}. H. Brewster, J. Amer. Chem. Soc. 81, 5475 (1959) 2 
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celui de (A, A..Vo a 


*) c’est-a-dire celu! 
En,) 

Expérimentalement il n’est pas possible 
a la réalite. si l'on applique la re; 
dextrogyre est celui ur lequel lobservateur, 
volumineux (1) 
(Br, Cl 


conduit 


tre autres 


F) disposes dans le n 


au meme res 


meéne a la polarisab 


que nous 


Inflic 


Ici encore 


quement 


Si la rotati 


le ~ le wl 
esqueties pial 


integrales 


La résultante du 


systeme 


dr el A, 


dr sont 


Le composé envisage est donc dextrog 


mice au 


A ectant en frans par rapport 


ou 


encore celui de 


ur Si cette prevision est contorme 


de Boys’ qui dit que “l’isomére 


centre du groupe le plus 


nar ordre de taille décroissante 


aiguilles d’une montre 


rue de Brewster’” 


gui lie le pheno- 


mplac el 


leur 
mais 


tres approximatil 


denti- 


NS Pris ilegiees pour 


B; par exemple. Les 


Reste 


symetrie 


li, 


A4)J 


a latome B,, les integrales 


positives et J est negatif. 


J 


de (A, eC 
$a yn est 
Daprés la régie emp | 
les mots “plus volumineux” et “taille decroissante” par “le plus polarisable” et 
polar sabilite decr« SSANnte ic Ch po envisage est aussi Gextrogyre semble 
jon n tr le doute n le le la rotation moléculaire dans le 
agonc quinn y alt pas Ge Po sur ie signe Ge la TOLALUON MOeculalre Gans te 
visible 
Les régles de Boys ou de Brewst sourtout celles de ce dernier, maler 
simplicite ne sont peut-ctre pas t gel raiecs comme notre formuk 
elles ont l'avantage d Ctre directem« les alors que le calcul Sie 
Ga avons fait ici n'est pas applicable dans tous les cas 
I 
im. € dé ia temp aqrure 
Nous avons vu plus haut que la rotation nest pas pariaitement libre pour le 
groupement B,. dat e caicul de! s introduit un terme suppiementaire 4 
q 
f 
tS sx Ar dr, 
EEE: On voit que si toutes les orbitales 7, sont egales cette expression est aa 
Gu nulle: — (2; 0. Avec les notations précédentes on a au second ordre 
\ (7 ) aT | > A, | ) dz 
ov ov ov 
aac la malécile We d 
on n’est pas libre, la molécule posséde des conforma 
a A, — dr et | A, — dr sont nulles par raison dc —_——«_€, HEE: 
i, | A, (ss )dt | Ay = (sé S$ ¥,) dt 
L ov ou 
a 
0 0 
ou 
' 
d ou 
x 
— 24) + — 22) + argh 
ov : 
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On obtient des expressions analogues si le plan de symétrie de A, passe par B, ou B,. 


Dans la plupart des cas les energies des diverses configurations stables sont trés 


voisines si bien que nous pouvons admettre sans grande erreur que toutes les configura- 


tions décalees sont ¢galement probables, les autres configurations étant pratiquement 


interdites. En d'autres termes, la rotation moléculaire observée macroscopiquement 
i 


est la moyenne des rotations correspondant a chacune des conformations stables. 


Soit: 


ol (Ay — 1 {1 


En néecligeant la différence entre les divers termes correctifs , on voit que la 


rotation moleculaire est multiplice par un facteur plus grand que |. On en conclut 


que, quel que soit son signe, le pouvoir rotatoire est superieur. Une élévation de 


temperature, qui fait disparaitre les conformations privilegieces., doit donc se traduire 


par une diminution du pouvoir rotatoire. C'est ce qu’on observe généralement pour 


les chaines aliphatiques 


Remarque sui 


L’effet de la temperature est encore plus marque si des liaisons inter- ou intra- 


moléculaires, liaison hydrogéene par exemple, viennent a basse température interdire 
la rotation. A leffet de blocage de la rotation s’ajoute une perturbation notable des 
orbitales due a un effet induit (modification des charges atomiques) et a un effet de 
champ cree par le groupement porteur de ’hydrogene lic (OH par exemple). Ainsi 
pour l’acide lactique, a IS” pour / S461 A’, ; 2-0" mais a 70° p 0-6 


Ici la modification causee par la liaison hydrogene est en valeur absolue superieure 


a la valeur du pouvoir rotatoire ce qui explique ‘inversion du signe qui se produit 


1 


vers 50°." La dilution peut aussi jouer le méme role en modifiant les liaisons 


hydrogéne. C’est le cas du lactate de methyle. Pu ‘46° alors qu’en solution 


dans eau le pouvoll rotatoire decroit avec la dilution. la lim te eclant atteinte pour des 


solutions a 10 


Il en est de méme pour le comportement qualifie d’anormal de acide malique naturel! 


> 


3-3" en solution aqueuse a 8.4 


0-0 en solution aqueuse a 34% 


4.7 en solution aqueuse a 80° 


La deutération diminue la force des liaisons hydrogéne, on doit donc s’attendre a une 


modification de la rotation moléculaire. Effectivement la rotation moléculaire de 
acide D-mandélique: C,H,—-C(OH)H—CO,H a 20° dans l'acetophenone pour la 


1 W. Kauzmann et H. Eyring, J. Chem. Phys. 9, 41 (1941) 
2G. W. Clough, J. Chem. Soc. 113, 526 (1918) 
131. Fieser et M. Fieser, Organic Chemistry (3rd Ed.) Reinhold, New York (1956). 
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raic 5893 A vaut —272:2° alors que pour la molécule deutérée: C,H;—C(OD)H 


CO,D elle vaut —266-7°. De méme pour l'acide L-atropique dans les mémes condi- 
tions la rotation moléculaire passe de +63-1 4 61-8." La preuve que c’est bien la 
disparition ou tout au moins l'affaiblissement des liaisons hydrogéne qui est 
responsable de cette variation, c'est que dans la molécule d’alcool octylique secondaire 
(ROH), la rotation est pratiquement ve que pour l’alcool deutere (ROD): 


15-23” contre 15-34a417 


Remarque 
Nous 


caroone 


me A lié a4 quatre atomes B. C’est le cas d’un 


sp, d’un ammonium quaternaire. Les mémes 


itre orbitales @, n’entrant pas 


s ol! une orbitale @ se 


par le doublet libre. La 


m sur un niveau atomique 


azote sont diffe Clits 


st parce que les mesures faites 


inverses provenant 
est interessant de 


st differente de 


ets occupent deux orbitales 


s (hybridation sp.). L’atome 
ie. De méme un atome de carbone hybridé 


iT possedant normaicment un plan de symetrie, celui 


nes substitues plus de quatre fois comme 
liaisons o des complexes hexa- 

trois orbitales d non 

la disymétrie de la 

lleurs se reduire a une 


non lie) sont nts, le complexe est actif. Si 


nt opposés par rapport a l'atome central sont 
rie ces deux substituants utilisent les deux orbitales 


cas ou l'atome central est un metal de 
trans Les fonctions de lias des quatre autres 
substituants 0 de ces derniers comme plan de symetrie ainsi 
que le doublet lib sd. *s orbitales d,, et d, décrivant les autres doublets sont 


pour ia 5461 A.” 
sur la nature de atome A | 
ivons jusqu’ici suppose 
Daw 
nécessairement dans une liaison. Par exemple dans les a1 ee 
upéricur. La molécule sera active si les trois substituant ee 
| n nortent un nomb sal de 
du re ement ftacitie du triedre des suodstituant Cependant 
noter que l’expression de la contribution apportée par le doublet cE 
celle apporice par ul maion Les etats decrivant le doubiet sont 
avec (y,"e%x). 
4 
= ia = k4 1’ k+1 
ov ov ov 
que l'on peut decrire par des fonctions So 
d’oxygéne n'est donc pas centre d'asymetrie 
en les quatre fonctions o ct 
des Haisol 
i Enfin la theorie se generalise aux ator 
dans co ues Ma sa 
coordine laut lire intel nir ies trois 
hybridées. Celles-ci sont aussi deflorme 
, 
molecule tous ies ipostituants (i ur 
hetit nt , 
deux SUDSLUILUANIS Cla elraiecl 
id ni nar ra on le 
Erlenmever et H. Schenke He Cain 19. 1199 (1936) 
*L. Young ct C. W. Port |. Amer. ¢ m. S 59, 328 (1937) 


Théorie du pouvoir rotatoire naturel 159 


symétriques par rapport au plan z 0, elles apportent donc des contributions 
opposées. Il en est de méme pour les fonctions décrivant les liaisons avec les deux 
substituants identiques. La molécule est donc inactive. 


Il. Molécules possédant plusieurs centres d’asymétrie 


Examinons d’abord le cas simple d’une molécule formeée par la soudure de deux 
radicaux identiques: 


Les atomes A sont centre d’asymétrie si leurs quatre substituants sont de nature 
différente. 

Supposons d’abord que les triédres AB,B,B, soient inverses. Les contributions 
des liaisons correspondantes AB; sont opposées d’aprés ce que nous venons de voi! 
plus haut puisqu’un deplacement peut les amener a étre symetrique par rapport a un 
plan. D’autre part la fonction » décrivant l’état fondamental de la liaison A—A 
satisfait a lidentite: g(r, z, 9) = g(r, —z, 0 en choisissant comme origine des 
coordonnées le milieu du segment A—A. f/f l'angle qui definit la position d’un 


groupement AB,B,B, par rapport a l’autre dans la rotation autour la liaison A—A 


En développant la fonction 


sin [n@ 


r, z) sin [nO Z)} 


Pour l’état excite « 


d’ou l'on deduit — a 0. La contribution de la liaison A—A est donc nulle. 


La molécule est inactive. On retrouve ainsi le résultat classique (ex: acide meso- 
tartrique inactif par nature) Mais il ne faut pas manquer de remarquet la precision 
supplementaire apportee. Le pouvoir rotatoire est identiquement nul pour toutes les 
configurations de la molécule (f quelconque) méme si elle ne poséde pas de plan de 


symetrie au sens geometrique 


| 
| 
5 
B.—A—A—B 
B, B, 
(r, z, 0) a,(r, z) cos [nf Z)] 
—- (r, z, S na,(r. z)[sin né Z) 
: ou 
ar, —z, )) S an(t z) cos n z)] 
Von tire a, (1 r) Z) 
7) 7) = 
c’est-a-dire 
—z, 
> nan(r ,— +n —Z)] 
ou 
z, 0) 
> 
ov 
z. 9) (r 7.4 


pas 


lumiere de 


ons 
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triédres AB,B.B, soient superposables. Les 


ucs AB va La fonction de la liaison 


Relation d’ou Ton deéduit 


ne 
gu ctics nc possecent 


ms Guciques Cas a la 


4 j 
; 
Supposons maintenant que les 
contributias: des liaisons 
A—A est telle que (r, z, 6) g(r, —z, 
Mais (r. z. . Lintéeg — dr nest pas nulle. La 
(ase ra 
O 
| cas OU : 
( a ni 
{ iT 
ac 
ns 
P 
\ aC H 
Pou 
. 
\ C,OH C.H 
En effet les C.O, et C,H opp lans les deux 
‘ | \ itt | ns 
pas cc ina cd itomes (4 cle 
M 
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Carbures alléniques 


Considérons une molecule d’allene tetrasubstitue disymetrique 


Elle est formée de liaisons et de 


entre les carbones et les divers substituants ABDI 


cme 


lerente. 


F. H. Herb 
17M. S. Newn 
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\ D 
B 
4 lia ons double rbor pa} cr. le plans de 
tic pas perturbée pat 
tit \ p xe Pal 
Det! | i nection 7, 
CAB p les 
le 1 (CAB ne possede 
p CDI par le fait 
ri CAB ( tp nlan de 
1) R , tribution 
ry ies 
possede 
(AB mér 
I q 
Ca 
Cars 
| | ncuon 
1 tuanti up | | | ti iX Cvaics 
La | ol nt pport tribution non 
null Pour | fonct gu pt cont ap port e dans le 
symetrie par rapport a l’axe z de torsion et « entre orbita dif 
Pour les pret nt de tra tion (alRIb t porte par l'axe z. D’autre part 
la symetrie helicoidale des fonctions d’onde se traduit par la relation: F(r, z, 9) 
int Ann Chem. S 78. 4765 
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‘algébriquement” symétriques par rapport a z ou par 


7) pour les orbitales 
D’ot l'on déduit pour ces 


Fir, z, 0 7) pour les antisymetriques 


ol z. 9) 


pour des 


Dans les de 
le méme 


element mmol ir rapy alé 
les ty tions entr bit ym e différente 


symet sO act I 
ar rapport a 


le moment (; ila 
neti axe de torsion 


a pour 
OF(r, z’, 6’) 


interessante 


lonne, carbone pat 


un 
exemple 
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F(r, z, 
fonctions respectives 
an of fall, on 
yn 
ov 
et pour les antisymétriques 
F(t ff") oFir,z. 
D’ou il te gue m™ cc tra entre orvdilaic de symetrie diflerente les 
; elements sont deux a deux egaux Ces transitions sont Gonc aussi actives 
at 
trait i meme | I Ca aes derives du diphenvle 
esqueis DOSS ( 0 Ce ia als ediane permet u e separation 
O1 t donc ¢ i méthode des orbitales moleculaires permet URC 
app OA piv y Da po ( Malheu CUSCI ent les calculs 
developpes ici ne pel ttent pas encore une évaluation numerique de la rotation 
moleculaire. SI no a pu remplacer ies difierences A, , Ay par 
le facteur de proportionnalite qui ne depend gq de l'atome central ne peut ctre 
actucliement ¢ i En revanc e. le calcul d raies et ainsi que des 
termes reduc Nes a Ges aies de COOUVTEC ne pose qu une Si npie ailicuite 
de calcul numerigq A ce stade la théorie permet donc en principe de determiner a 
| prés l'activité optique pour un centre d’asymetric 
assern 32. 443 (1 
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Abstract 
2000 1 


IN orde to study the efiects of coniormation on the pyrolysis OT tl diazodecalins, 


it was necessary to devise techniques for the quantitative analysis of the six isomeric 
octahydronaphthalenes (“‘octalins’’). In earlier work by Hiickel et al., chemical 
degradation, ' nitrosochloride formation,* and ultra-violet spectroscopy applied to the 
derived iodine complexes” have all been employed, while more recently gas liquid 
cl romatography has also been used.* For the sake of simplicity, we sought to rely 


and have examined it systematically 


exclusively on the last-mentioned technique 


The six octalins were prepared Vy rational methods in the form of five different 


lecalol methylcarbonates, derived 


binary mixtures. Pyrolysis of the cis- and trans-f-c 
105° (1) and 75° (II) respectively, gave in each case a mixture 


from the alcohols, m.p 
of the A!l- and A?-octalins. Pyrolysis of the methylcarbonates of the cis- and trans-a- 
ch this time had 


} 
ures, Wn 


decalols, m.p. 93 (LL1) and 63° ([V), gave similar bina 


it (clearly A'-’-octalin) in common. 


one componel 


ii wv 


A 


} 


The other component was, 1n each case, identical chromatographically with one of 


this was therefore the 


1 | 


the two pyrolysis products from the correspondi 


Al_octalin. while the other pyrolysis product from the /-decalol ester must have been, 


1 


lithium in liquid 


\?-octalin. Finally, reduction of napthalene with 


ammonia is known® to give A®-octalin. with a little of the A'9-isomer; in the mixture 


in each case, the 


so obtained, one new product, the major component, was found, together with about 


10 per cent of the A’:*-isomer, already recognized from the pyrolysis experiments. 


although no one isomer had been 


Thus every octalin could be identified with certainty, 


obtained pure 


Hiickel and H. Naab, Liebigs Ann. 502, 136 (1933) 
* W. Hiickel, R. Dant A. Schwartz i A. Gercke, Liebigs Ann. 474, 121 (1929) 


eci, A 


3 W. Hiickel and O. Fechtig, Chem. Ber. 92, 693, (1959) 
4 W. Hiickel. R. Bross. O. Fechtig, H. Feltkamp, S. Geiger, M. Hanck, M. Heinzel, A. Hubele, J. Kurz, 


M. Maier. D. Maucher, G. Naher, R. Neidlein and R. B. Rashingkar, Liebigs Ann. 624, 142 (1959) 
Tt 3230 (1955) 


R. A. Benkeser, R. E. Robinson, D. M. Sauve and O. H. Thomas, J. Amer. Chem. Sov 


Dyson Perrins I abc 
7 
s: A method of an sis 18 Gescribed, based gas-liquid chré i ya gerate (ca. 
es) efficien Apiezon | lt ryid i “ by any t in be recognized 
7 Any mixture of octalins can be tested for cont tior i t clo[5 :3 :( ene by chromato- 4 
i is usually accurate, *h an indirect ethod necessary for mixtures of the A’*- and 
cis-A somers 
rt 
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In any reaction involving the elimination of a functional group at the «-position in 
a decalin derivative, the possibility of rearrangement to a derivative of bicyclo[5,3,0}- 
decane has to be borne in n Analysis of mixtures of octalins, therefore, required 
method of identifying th Te 3,0]-d n the hydrogenation products. A 


the two forn rat this hydrocarbon was readily prepared by 


g that hydrogenation 


one 


both 


discussed 


ition ol 
phases 


1 Ol 


ry 


con 


Dinary octaun 


areas compared. In 


octalin, which v pa e. though not indistingu ble. on any of the columns 
used that pret tial merization of the trisubstituted olefine to an 
equilibrium mixture of this with th -ison night provide a solution; indeed, 
mixtures containing talin somet | a peak corresponding to \%- 
octalin, esumably ftormed atalysis | adventitious acidic contaminants 


Various I l , agents wel nvestigated, using tor convenience a mixture ol 


iv 


trans-A*- and A This mixture could be analysed directly, so that the 


unreactivity of the disubstituted olefine could be checked simultaneously. The results 
were of considerable interest and will be published in detail later but for the present 
purpose a solution of perchloric acid (0-25 M) in acetic acid proved to be one of the 
most selective and venient reagents examined. It gave a mixture which after 
reaction-times of between | and 100 minutes at 30° remained constant (within a range 
McW am and R. I 1 
McW am and R war j hromatography 2. Butterworths, London (1958) 


mixture of 
the hydrogenation of azulene in ethyl acetate; it is interes _ 
over platinum in acetic acid ted to almost Cxciusive (ca 98:2) formation (iz! : 
component 
The retention times observed when a number of liquid phases were employed are 
listed lable | Ics ene and tetraun All are quoted 
i 
(“*R,, values”) relative to dec W e apparatus availa , the 
dete ation of / es | Apiezon L and benzyldipheny! sufficed to identily any 
octalit or to wdenuly er the pel aroa enes in the presence 
deca ns 
Quantitative ana s; was attempted only for the five binary mixtures Sa os. 
above, and some favourable ¢ es « e compiecx mixtures It requires complete : 
separation of the ¢ p wicdge Of clationship DdDetween the area : 
under U Ose! respor \\ t of material present 
The first requireme Ive e resolutior e « n used: in the present work 
A a dillerence in A,, Values of abdoul per cent is ¢ ed tor, and tne ae 
Ai.’ and -A'-0« ; was therefore possible w any of the liquid 
investigated The sep ) ( was incom Cc, 
Apiezon L, so that o pp te value could be given for the relative peak 
areas; it should, howeve ve re e to S per cx The other thre xtures were 
gampictcly separated o1 ne or other of the chosen stationary phases, and results . 
should be reliable to per cent 
nie a iinear rela i] Cl and | ik area is cc Chi a 
numobder of compound t was necessary to test I s tor the sudstances under con- 
sideratl Accord ) aeca Wil availabl 
mixtures were prepared in a known weight ratio, and the signal i 7s 
all cases rauios were kK cai to wil per cent 
There ret aroal » es of cis-A)-octalin and A!-*- 


The analysis of mixtures of octalins 


TABLE 1. RELATIVE RETENTION TIMES 


Stationary Apiezon Dinonyl Benzy! Tricresyl 
Squalene 
Phase I Phthalate Dipheny! 


Phosphate 


Column 
400 cm 260 cm 


70 cm 250 cm 200 cm 
Length 


Column 


Temperature 


AgNO, /poly- 
ethylene 


glycol 


250 cm 


: 120 100 100 90 100 40 
| 100 100 100 100 100 100 
’ 
105 102 110 132 133 155 j 
] 111 107 110 137 140 177 
y 125 130 40) 144 144 155 
120 119 12 160 159 210 
125 12 136 179 178 235 
1] 127 16] 157 200 
” 
| 124 135 145 192 182 240 
177 430 
217 680 
/ (120 133 
( 1124 164 
4 q 
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and 


-\'!-octalin as was originally present 


cent) containing as much fran: 
itio of 9:1, evidently the equilibrium proportions 
rocedure was li the mixture of cis-A'- and 

' lins was formed for 


in and ’)-octali 


.RBONATES 


pel 


librium 


ic 
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: 
and A 
W he 
octa 
Taste 2. Ps } SIS OF THI 1ETHY 
4 
>CO.Me 
. 
Me 
Me 
59 i] 
Me 
<< 4< 2 
whicl tne reiative are the two peaks OodLained [rel constant, witl na 
' cent, after reaction-times of between | and 30 nute This was taken to imply that 
the conversion of the \!-octalin to the equilibrium mixture, though undoubtedly 
faster tha that orf th } \'-octalin (ct. the st ties of the cis- and trans-deca- 
lins* was still mucn siower than tne nterconversio! tne \ and A*®-isomers It 
was then a simple matter to subtract 11 per cent of the A*-octa peak (tl gupuaass 
amount of A’:*-octa preser e (A \'-) octal peak, and thus 
obtain the amount ol \'-octalin fu y (and or! ) present in the mixture 
With the reservat sma tl thods desc ild be useful in the study ol 
tne con! mawuoni equ ents ol arious reac lt ced, the pyrolysis of the 
tne res irc lable . ines e consistent wil! earlier 
discus a n of as much a per cé of A'-*-octalin from the ester ol 
the alcohol (ILL) 1 es the real possibility ol (presumably di-equatorial) 
eu in est DY cs 
at he eff r variations in temperature, ¢ timc ent 
{ il ‘ } d i> K yu 
When these were close to 100 necessary t v C before and after the sample injectior 
°N. L.A lL. Cok dimer. Ci 81.4 
* inter D. H.} Cc. G.S.H C. H. De P J. Amer, Chem, S / 
81, 64 59 Ww. J.B W. F. 81, 64 
: °F. G. Bordwell and P. 5. La |, Amer. ¢ n. S 80, 24 1958 
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rather than as an internal label; such chromatographic runs were accepted only when the retention 


50 


times of trans-decalin differed by less than 2 

The following columns were employ ed: Apiezon L (a high-vacuum grease composed of aliphatic 
hydrocarbons, 400 cm); squalane (260 cm); phthalate (170 cm); benzyldiphenyl (250 cm); 
tricresy! phosphate (200 cm); and silver nitrate (13%) in polyethylene glycol (250cm). The Rp 


values obtained on these columns are summarized in Table 1. 

The first two stationary phases were similar in behaviour; benzyldiphenyl! and tricresyl phosphate 
Dinony! phthalate was intermediate between the essentially aliphatic 
The silver nitrate 


were also similar to each other 
and the essentially aromatic solvents, as expected, and showed no advantages 


column showed remarkable behaviour; generally, it lowered the stability of the detector, and it gave 


the other components present, and peaks o predictable 


retention times which depended upon 
widths. To avoid the need for many xperiments, we abandoned its Aniezon L and 


nt 
cont 


benzyldipheny! were chosen as standard stationary phases; neitl as adequ in itself for identify- 
ing the six octalins when used under the conditions employed, : p val fering by 1-2°% cannot 


be distinguished with certainty 
In all quantitative analyses two samp! and relative 


nt to +2 Minor tituents amounting to I vere readily identified. In 


avoid loss, 


retention times consta 
any work witf octa 


not necessarily at the 


Research 
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THE DECOMPOSITION OF SULPHONYLHYDRAZONE 
SALTS: MECHANISM AND STEREOCHEMISTRY—II 


THE PYROLYSIS OF THE DIAZODECALINS 


d M. C. WHITING 


ra 


Abstract‘ 


hydra- 
ion 

his can 
on to a 
nination 


ecnter 


is of 
have prepared and 
tamide reagent 


razones as pro- 


ydrazones in 


rapny as 


| per 


bon participation |-diazodecalins, 


reported by the American workers for 2-diazobutane,* 


imply that mtramok la msertion is ¢Sscl mary diazo- 
compounds, decomposition to an olefine by hydrogen migration taking place without 


Whiting, Jet 


etrahedron, 1961, pp. 168 72. Pergamon Press. Inc. Printed in Northern Ireland 
Powe, 
Dy Pe Laboratory, 
id 
lav 
I. Part | of ti nresent Ser f was chown fi tad ymposition of si Iphor 
rones t icf mait sil ) $a rate-determining, unimoiccular®r 
aec rect n proton ents hy r) tial proton 
aiazo im then the expected substitution and eli 
reactions. In a briet ibmit shortly alt ur paper, Friedman and Sham 
‘ to essent r The girect aecomposition of tl 
compound, called “carbs 1 decompositio! by Friedman al 
pre islv described’ and the four decalone ethanesulphonylhyd 
venitors 
described in 1 pt US Paper In no case W ny hydrocarbon formed (> EE 
cent vicid) wi ‘ be identified as o1 11 ct ns: aimost certamly a 
different R ilue trom the and ve been observed as such On 
hvdr il WOUIG ain st ceriainiy nave ‘ t icast sal product, some 
’ hydrocarbon other than a decalin I, indeca t re ted at al No products, other 
than and frans « were in tact Getected | per cent) in ydrogcenation 
: prod cts thus ole! $s possessing the skeleton of hicvclo-[5:°3:-O)-decane. which might 
were also absent 
These results, and those 
J. W. Powell and M. ¢ vedron 7, 305 (1959) 
*L H. Si $12 (1959) 
J. W. Powell and M. hedr 12, 163 (1961 
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complications at least with simple secondary diazo-alkanes or -cycloalkanes. The 
proportions of the two isomers formed in each pyrolysis are indicated in Table | 
With one exception, they are consistent th the view* that a carbene is formed first 
and then rearranges an olefine. One ild ct intl rcumsta! that the 


would be a aust! nes, dified ne direction of 


eased proportion of the stable ympound 


would be n 


entirely 
octanun 

and 

suggests a 
over A’:*-octa 


stable hydrocarbor liazo-cis-decalin, two confort 


pi an 
It is to be expected that Al’ 
re than /frans-.A*-octalin (and this in tact true*): it 1s 
Py CTS OF THI KALINE DECOMP’ IN OF THE DEC NI 
Reag 
i 
\ 
¢ 
q 
4 > 
NR 
\ 4s 
{ << 
NR N.NH.SO..CH N N 
\ | 
ble that trans-A*-octalin should be slightly more stable than trans-A!- 
it there ould pe ncant ditiet nce yetween cis-A!- 
lins.° The analysis of the products from 1|-diazo decalin, however, E 
rent explanation for all these results, as \'-octalin predominates ‘ 
: ) although the latter would be exp cted to be, and in fact is ‘the more 
en ations, | and Il, exist: the 
+ ’ 
N 
H N N 4 
e" ‘J. W. Powe ind M. Cc. W ge. Pr Chem. S In pres 
R. B. Turner, W. R. Meador and R. E. Winkler, J. Amer. Chem. S 79, 4122 (1957) 
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first should be the more stable and, having the polar diazo-group exposed, might be 
more effectively solvated in acetamide and so able to react more rapidly. If it is 


assumed that the migrating hydrogen atom moves, from an axial position approxrl- 


mately antiparallel with the breaking C--N, bond, synchronously with the fission of 


the latter. then conformation I could give only cis-A'-octalin while conformation II 


would probably give cis- \'-and A!-*-octalins in about the same proportions as does 
1-diazo-trans-decalin in giving frans- \'- and A’*-octalins. A 2:1-predominance of 
conformation | reaction, plus the above stereo-electronic hypothesis, would 
explain the results obtained with 1-diazo-cis-decalin. This hypothesis would also 


explain, as well as the free carbene hypothesis, the results obtained with the other 


diazodeca i ine there are no stereoceiectronic restrictions and energetic 


factor 
npose when possible DY a syn- 
results reported by Friedman 


th proportions ol 


ms of carbene 
be premature 


ulphonylhyd izones 


sodium deri 
not differ gre 
in tne preparath\ e runs 
ica per cent in acetamidc 


nt vield, whereas in acetamide 


with our earlier obse 


thea . is 
proton-catalysed ro 


» at least very largely, 
ynium ions would mainly undergo 


nixtures efines quite similar to those obtained 


decompositions of the diazo-compounds themselves, 


renesulphonhydrazones with base” was recently criticized as 


efines by DePuy and Froemsdorf® on the grounds of low 
tation of rearrangement products These criticisms are 
justified as ay reaction in ethylene glycol,’ the only solvent used by these 


workers: justified if applied to the reaction in acetamide,’ which is 


convenient and gives good yields of olefine-mixtures similar to those obtained, less 
conveniently except perhaps on a very large scale, by the pyrolysis of esters of the 
corresponding secondary alcohols. 


EXPERIMENTAI 

1d of the cis-8-decalol from commercial «- and /- naphthols by 
vy because of catalyst pol 
rification procedure was evolved: the naphthol was first 


Doering ithe wughlin and N. Chaudhuri, J. Amer. Chem. Soc. 78, 3224 
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equatorial diazonium cations would then de expec 
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equatorial substitution products, while axial di ; 
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from the similarly stereospecific [gS | 
tamide 
as ooserved In ace 
The preparation of the lecalols 
’ literature methods proved difficult, ay 
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atm press, then heated under reflux with Raney nickel (0-1 part) in ethanol (2 parts) for 


Filtration, removal! of solvent and redistillation 


distilled at 


ral hours, when a very dark solution was obtained 


seve 


gave a specimen of naphthol with a reasonably high and reproducible rate of hydrogenation 


methanesuiphonyihydrazone 


Dec alone 


acid (6 N) in 


is. cis-B-Decalol”® (5 g) in acetone" (100 ml) was treated with a solutu 


1(12 N) wit xternal water-cooling until a strong yellow ¢ r per ed in the acetone 


102 


54-05; 


cnharac- 
On 


p being kept b v 100°, it gave the desired Aydrazone 


j 
trans-)-Vecaione methanesuipnonyinyarazon 


1660 cm~’ as well as a st 


ion 


to 


further 10 min 


(Hiickel”® gives 1-4809), and showed init d band e presence Of a e of the ap- 
‘ | i. tan } » 6 
unsatt ed ketone, a ell as appreciat i yf hydroxylic I Cc ketone (5 g) 


was converted to the methane iS desc ed 
immediate, but the separated Aydrazone (6°25 g, 7% ad m.p. 123°, unchanged on recrystallization 


(Found: C, 53-7; H, 7-9; N, 11°85%) 


trans-x-Decalone methanesulphonylhydrazon 


(a) Hydrogenatior orp 


and 145 atm was complete after 8 hr Itrationa stillation gave a 


1-500 (38-4 g) consist mixture ol [his was dis lved in acet 


treated with chror 


and methanol (7 


essentially pure 


material (15-4 g) in ethanol (25 ml) was added to n vanesulphonylhydri e (11 g) in hot ethanol 
(75 ml) and the solid which separated on coo y was rec t t xyethanol below 100 
one (17:3 2g, 5 m the «- alol mixtur 1-182 i: C. 545; H, 83; 


(b) The crude «-decalone mixture obtained by oxidation (9 g) was added to methanesulphonyl- 

hydrazine (6:5 g) in hot ethanol (45 ml). A solid separated « cor y which, fro ts infra-red 

: spectrum, was a mixture of the cis- and fran -decalone det es t was ited ler reflux for 

3 hr in ethv! acetate (200 m!) and acetic acid (10 ml); on cooling the trans-x-decalone derivative 


from the decalol mixture) separ: 


cf. K. Bowden. I. M. Heilbron, E. R. H. Jones and B. C. L. Weedon, J. C/ Ss 39 (1946) 
2.C. D. Gutsche and H. H. Peter, J. Amer. Chem. Soc. 77, 5971 (1955 


I I van lameler personal communication 
4 FE. E. van Tamelen and W. C. Proost, J. Amer. Che Soc 32 (1954) 


16 W. Hiickel, Liebigs Ann. 444, 1 (1925). 


cis- 
ution of chromic ‘ 
te lave After 15 min, water (500 ml) was added and the ketone was ts ted with ether; without 
: purification, it was dissolved ethanol (5 ml) and added to a solution of me ine phonylhydrazine 
: 3-7 2) in ethanol at 60°. After 14 hr at 20° the product (5-65 g, 69 parated, m.p. 99-M’; 
recrystallization from ethanol gave the /Aydrazone a eedles, m.p. 104-105 Found: C, 
a H, 8-25: N, 11°5. C,,HeoN.O,S require C, 54-1; H, 8-25; N, 11°5%) 
. cis-%- Decalone ethar mvlhydrazone was prepared by a similar method from cis ; 
decalol'? (1-15 g). The crude product, m.p. 156-158 id an infra-red spect free from th : 
teristic bands of fra dgecaione metnal sulphe hydi I t 1203, 1053 1 1029 
crystallization from 2-methoxyethanol, the ter) 
(4:5 g, 55°,), m.p. 165-5" (Found C, 54:2: H, 7-9; N, 11-64%) 
F \ ’.2-Octalone was prepared in 30 vield by condensation of cyclohexanone (196 g) with 
methyl vinyl ketone (70 g) at O in the presence of Denzyitrimethyiammo n hydroxide (6 g). The 
product, b.p. 90 95°/1 mm. a’ 1-5262 (40 g) was reduced" with lithium (10 g) in liquid ammonia 
(1 1.) and ether (200 ml), giving material ch showed a! fra-red band of appreciable intensity at 
Es onger band at 1700 cn It was again reduced, lit ca. 4 g) being added 
|| 7 ammonia (750 ml) and ether (100 ml) until a deep blue c r persisted After a 4 
| lated and dictilled o\ had hn 65-628°/0-8 mm n. 1-4830 
7 
ee i fied | (75 g) in ethanol (50 ml) over W-7 Raney nickel at 145 
fraction, b.p. 120-125'/14 mm, 
I 
Cc acid mi) AS Cd ADOVE he deca Mes btained 
on equilibrated by heating ler reflux th sodium hydroxide (33 g) in water (50 ml) : 
EEO mi) for 18 hr. Isolation and distillation through a 20cm Dufton column gave 
(27-7 g), b.p. 112-113°/15 mm, nj? 1-4850, which largely crystallized 
1 Dos 1-4259 led hn 52°/0-2 mn — 21°) This 
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Decomposition of the decalone methanesulphonylhydrazones 


The methanesulphonylhydrazone (0-4 g) was added to a solution of sodium (0-15 g) in the appro- 


priate solvent (5 g) (in the case of acetamide, dissolution of the sodium was carried out in vacuo to 


avoid combustion). The mixture was heated at 156° in a vapour-bath until nitrogen evolution slack- 


ened. Water (5 ml) was added while the reaction mixture was still warm, and the product was 


extracted into light petroleum (b.p. 60-50, 1-5 ml). This extract was used directly for gas-liquid 
chromatography, after the ; tion of trans-decalin as internal indicator in appropriate cases 


llowing is a typical pre trans-x%-Decalone methane- 


sulphonylhydrazone (5 g) was add ne glycol (50 ml). The 


mixture was heated to After cooling, watet 


(100 ml) was added, a 25 ml). The combined 
extracts Ww and the solvent was 
removed under reduced press, the 


fractions 


xture of 


carried out 


Hydroxyethe 


Yield 


Dcing 
Fraction B.p. 67-71 /7 mm, 1-00 g, nj, 1-4835 
Fraction B.p. 85-87 /0:02 mm, I-41 g, 1-4871 
Fraction A was show DY fra-red spectroscopy and ga yuid chromatography, to be a m:. =m le 
\ and trans-\' -octa \\ t fra-red spectru if fraction B showed it to be a hydroxyether, 
presur x) deca 
| esults of reac i the other preparative reactions which were EEE on the 
decalone methanesulpho var One are immarized the following table 
TAR 2 PREPAR \ AC mS ON Hi FCALONE METHANESI PHONYLHYDRAZONES 
Sulp vi 
Refract Refract 
Yield 
INGeA 
ci Acet de ( 14943 (18) 
1-4925 20 ) 34 ] 4939 (20 ) 
tra’ Acetamide 72 1-4933 (20 ) 
(rar G 1-4933 (20 34 1-4871 (20 ) 
43 1-49 48 7 29 1-4966(17 ) 4 
j A port of the ydroxyethe irom tne yvdra me ifter redistillatior was submitted for 
analy with the fo re t Found: C, 73-4: H, 109 C,.H..O, requires: C, 72:7; H, 
11-22%) 
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Himalayan lichen Alectoria virens Tayl. is found to contain besides p-arabitol. the 


Abstract—The 


unusual association of vulpinic acid and a new depsidone, virensic acid, whose structure is established 


as Ila 


ALECTORIA VIRENS TAYL. is a rare lichen, a sample of which was collected during a 


special expedition to the Himalayan lake Roopkund. The lichen resembles Usnea 


pectinata Yayl. but differs from it in possessing a yellowish green colour. The quantity 


of the lichen collected was only 90 g but it provided enough material for a detailed 


examination. Light petroleum extract yielded vulpinic acid.'' A subsequent ether 


extraction gave a new depsidone ‘virensic acid’. The residual lichen on acetone 


extraction yielded D-arabitol. 
Asahina~ examined by paper chromatography as well as by microchemical 


methods, a sample of A. virens Tayl. and identified the colouring matter as vulpinic 


acid. More recently Dhar er a/.°, reported that a sample obtained from Chakrata 


area contained atranorin and psoromic acid. In view of the present work the sample 


from Chakrata was re-examined and found to contain only vulpinic acid and virensic 


acid; hence the earlier report was an error. Based on the present work Alectoria 


virens seems to be so far the only species of A/ectoria containing vulpinic acid and it 


contains this acid in association with a depsidone virensic acid. 
Virensic acid is a colourless, optically inactive compound, m.p. 245-246", and has 
the molecular formula C,,H,,O,. It contained no methoxyl group, two hydroxyl 


groups, one aldehyde group and one free carboxyl group. It readily formed a mono- 


methyl ester, a dimethyl ether methyl ester, a mono anil, a mono dinitrophenyl- 
hydrazone. It was unaffected by boiling with methanol during 18 hours which ruled out 


the possibility of its being a depside. It was hydrolysed by aqueous alkali to a dicarb- 


oxylic acid which has the molecular formula C,,.H,,O,. The dimethyl ether methyl ester 


on treatment with methanolic potash formed a new compound which contained one 


more methoxyl group and was soluble in aqueous alkali indicating that virensic acid is a 


depsidone. The ultra-violet spectrum [A"°0" 240, 308 my (log € 4-47, 3-68) and /,,,,,, 225, 


285 my (log € 4:34, 3-48)] and the infra-red spectrum (ester C=O band at 1725 cm~) 


also confirmed the presence of a depsidone system in virensic acid. 


* Part XXIII: J. Sci. Industr. Res. India 18B, 238 (1959) 
!'Y. Asahina and S. Shibata, Chemistry of Lichen Substances p. 43. Japan Society for the Promotion of 


Science, Tokyo (1954) 
2 Y. Asahina, Fauna and Flora of Nepal Himalayas (Edited by H. Kihara) p. 62. Fauna and Flora Research 


Society, Kyoto University, Japan (1955) 


3M. L. Dhar, S. Neelakantan, S. Ramanujam and T. R. Seshadri, J. Sci. Industr. Res. India 18B, 111 (1959). 
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Catalytic hydrogenation of virensic acid led to the up-take of 2 moles of hydrogen 
That the absorption of hydrogen was solely due to the reduction of the —-CHO group 
to the CH, group was shown by the failure of the reduction product to exhibit 


carbonyl function and also by the infra-red spectrum. The reduction product produced 


a purple-red colour with all [his colour reaction is somewhat parallel to the 


behaviour of hypothamn taine he reduction of thamnolic acid and 


may have significance ethylati ie reduc product yielded a 
| with hypoprotocetraric acid 
omparison was also effected 

Shibata, using mixed m.p., ultra- 
skeleton of virensic acid should 


yl group and the others 


acid based on the following 
yl group in the position 
salazinic acid,® and 

it 1754 cm™' not 


ould not readily 


colour with 
ilter lactone 


hyde group. 


wous to the 


in the | el fou toria sulcata 


| 
174 
‘ have the structure Il in which one of the substituents is a formyl SE 
= are methyl groups. | e are four possibilities (Ila, b, c, or d) 
i= 
CH 
R R 
R R R_=R CH 
The correct structure (111) was deduced for rensic 
considerations. The structure Id is eliminated because | 
17 nei 4 hy hand in fra-rec 
found in the spectrum ol nsic acid. Further, the lactol grouping wa 
he red | catals ' The structure IIb is clu ited for similar reasons since the ‘ 
dicarbox vii ci ool ea pV the pening of the lactone ring docs not show the 
psorpuon na rdergoes cataivtic recuction casily aS Goes the COMm- 
ac | ivi 
DO | tri re s ruled out nce | vi einer met vi ester of virensic 
Lal 
| ron roneT colour With alconoik ferric chlor i¢ 
if R CHO ti e conditions a new ortho hydroxy 
carbon system would be formed Ww 1 would give a characteristic P| 
ilcol ferric chloride. Furt! the spectral data of the ether ester 
Hence Ll pr les the t structural formula for virensic acid 
»* Vire Cc ac as a dep yne has there e ch 
depside atranorin (1V) which is common eee 
M. Aoki, B ( 74,928 (1941); Y. Asa nd T. Kusaka 
y \ § / Soc vy for Promot ot Scrence 
Tok 4 
Tokvo (1954 
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Nyl.* but is absent in A. virens. Possibly virensic acid has taken its place owing to the 


presence in this species of the required oxidizing agent. 


EXPERIMENTAL* 


extraction of Alectoria \ 
hen (90 ¢) was extracted in a Soxhlet with light 


(a) With light petroleum pint cid it lic 
left a solid idue which on 


petroleum vapora the 
repeated crystallization ym ! ye ne 149 The substance was 
thent mple wi t depressed and the ultra- 


identified as Vv 


A crystalline 


acetone gave 


*ht absorp- 


bands 


requit 


th acetone for 24 hr 


r and the 


Vethyl virensate 
A wit m nyaroren carbon- 


A solution of virensic dry a 
ate (0°15 g) ar I ré ) Sait vere off and the filtrate 
| acetate as 


requires 


lourless long 


Ider), 1316( 282 (s), 1267 (s), 
} colour with alcoholic 


(shou 
763 (m) cm 


102? (m). 971 (w). 855 (w), 796 (m), 
ferric chloride 
in KBr disk unless otherwise stated. 


48, 1094 (1928). 


tra were taken 


* All the LR. spec 
J. Pharm. Soc, Japan 


® Y. Asahina and H. Hayashi, . 


4 
: 
ts 
Me Me 
co-0 OH 
OH 
HO CO,H 
i HO OH COOCH, 
CHO Me CHO CH, ; 
Iv 
violet and inira-red spectra of Dotn the specimens were identical 
p (b) With ether (virensic acid): The residual lichen was extracted with ether for 24 hr. Ai: 
solid (4:3 g) separated it from the extract. Repeated crystallizations from dioxane 
rensic acid as colourless long needles, m.p. 245-247 (Found: C, 60-4; H, 44; OMe, nil by 
4 lactone titration, 166-3 and 167:7; C,.H,,O, requir C, 60-3; H,3-9 M.W. 358-3). Lig 
tion in methanol: / 240, 308 my (log € 4°47, 3°68), / 225, 289 mu (log € 4:34, 3-48). Main LR. 
Wu: 3509-3333 (w), 2985 (m), 1724 ( 1639 (s), 1613 (s), 1543 (m), 1422 (m), 1389 (m), 1348 (m), 
1305 (w), 1266 (s), 1242 (m), 1198 (m), 1149 1121 (m). 1015 (w). 881 (w), 843-833 (w), 794 (w). 
; : i 781 (w). 743 (m), 704 (w) cr Vir ic acid gave a wine-red colour th aico c ferric chloride, a ; 
faint vellow colour with sodium hydr d C r changing to br red th conc sulphuric 
acid, and no colour with bleac powder or con cid. It di ymofluoresceil 
reaction. It formed a mono dir a vhich crystallized from acetone as orange 
rectangular plates, m.p. 256-258" (wit! tering at 24 Fe d: C, 341; H, 3:1; C,H,O.N, 
requires: C, 53-5; H, 3-4 Virensic acid for I nil which crystallized =m acetone as 
golden yellow polygonal plates, m.p. 225-227° (Found: C, 66:3; H, 46; C,.,H, Sl requires: C, 
66°5: H, 44°.) 
c) Extraction with acetone (p-arabitol): The remaining lichen was extracted wi ii! 
: and the dark brown 1 lue left « ip t f the tw rated with wate: 
insoluble port filtered off. TI c xtract evaporat ad tor left rup which on 
trituration viln net tiorded a it Va I 1 if i i—ether mixture to 
vield p-arabit p. 99-102 (0-07 2 7-35 0-0 iturated aqueous borax) A mixed 
m.p. with an authentic sample showed |! lepress 
61-3; H, 1OMe, Lig t ADS rT} tion in me tnane / MA). Sif itt 4 49. 
3-85. 3°78). Amin 228. 294. 310 mu (log € 4°38, 3-70, 3-75). Main I.R. bands: 3390-3279 (w), 1724 (s), 
1639 (s). 1600 (shoulder). 1563(m), 1429(m), 1408 (shoulder), 1372(m), 1361 (shoulder), 1342 
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m.p 


The ultr 


176 
Meth, ensate dimethyl ether 
A solutx of vire ac 01 dry acetone (251 wa cated with a — 
carb and dime yi suly 0 S hy ctw crvsta ed from benzene 
hight petrolc ed rie ». 160-162 (Found 
62-6: OMe 4: C.630: H  30OMe, 23:2°.). Light absorptior 
in met $7, 3-42 94. W 7 306) M IR. bands 
temp for | hr. 7 btained from ether 
4 rave <r and 
4-50, 4-23, 3-72 +54 S52, Ww 1). Main LR. t 1448 (w) 
j ( 2: OM ( HOO 
67 
abd ed : 
ta 4 ( H HL 4 ve 
1075 04? 1020 00 4 735 (w 14-704 
“wh cr 
and the ‘ " it 
rectane » 1469 lt ded ferrin } \ xed 
HEE a-violct and the infra-red spectra of b the specime ere identical. Light absorption in 
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methanol: Amax 269 mu (log € 3-99), 7 247 my (log € 3-85), [authentic specimen had the absorption: 
269 m lo f 4 3-68) Main I.R. band (CHC1,) 2959 (m), 2890 (m), 


1307 1274 (s), 1176 (m), 


177 
aS 1130 (s), L111 (m), 1083 (m), 1052 (m), 1030 | 005 (m), 996 (m), 972 (m), 899 ¢ 841 (w) cm 
oe The same product btained by the reduc acid ethyl ether methyl ester 
(0-1 #) in met wit vdrovet the pre nce f palladized charc (Q)-1 10 w rking up 
the product as us 
icknowledgement re due to Sw P d Holy Kailas and 
for the identificat to Pr cid ethyl 
a ther thvl ester it Govt. of India foraS rR ch I ‘ fus(K.G.S5.,). 
: 
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ISOLATION OF 12-METHOXYDIHYDROCOSTUNOLIDE FROM 
COSTUS ROOT OIL* 


G. H. KuLKARNI. A. Paut. A. Somasekar Rao, G. R. KELKAR and 
> BHATTACHARYYA 
Poo 


Abstract 


luted portion 


yt contain this 


sts 
artiiact 

maior 

hanol to «./-unsaturated 


AnOown ‘ 


[his type of 
| from costunolide 


thanol in the presence of a 
reaction is identical with the 


The absolute configuration of > methoxylactone (1) follows from its partial 


synthesis from costunolide. The configuration at C, and C, must be the same as in 


Uid 


G. R. Kelkar 


275 (1960); 


inc Printed in Northern Ireland 
Receive Oct 1960 
hx ted from cost vn to be 12-methoxyd iro- 
: Cost wlick 
cl agescrid cal rcommun ) show to have the structure | 
cto r om Or the oxygen atoms Is 
pres np. | rema atoms are present in 
lact ) R 0 } | ‘ | R im 
als hand eal vith the fact t tno for de 
hyd ) | me re tris stituted double 
teristic U.V. sp dihydrocostunolide (I1).2 17 ests that like dihydro 
‘ tar } ring and vo tt hy 
tituted doult ted in ident mar ew of ti t was felt that : 
the me xv lact (1) must be represented by 1 partial structure Ill. This ts 
port tro \ \ esteril ind inc The resulting material 
wa ) to De i i met nate and tl ketoester (1V) The structure 
1\ signed to the latter ester is in agreement wit ; elemental analysis and I.R 
spect! 
While the methoxylactone may be isolated from the methanol-cTi 
’ during the chromatography of costus root « the earlier portions did n 77. ; 
lactone (I). In view s and the experimental data descrit 
ihe p il formula III. it was suspected that the methoxylac 
formed trom the intel uuon of methan vil costunolk 
lactonic constituent of costus root o The addition of me 
ket mes and esters under siugntly Dasic CONCILIONS 1S well 
addition should furnish the methoxy lactone having the struct 
lo confirm t 
trace Das 
metho 
i * Contribution No. 418 from the National Chemical Laboratory, Poona-8, Inga 
\. P 4. S. Ba lek G. H. Kulkar \. Somasckar Rao, and S. 
B chary Perf OUR S51. 115 (1960) 
A. Se sckar Rao, G. R. Kelk iS. C. Bhattacharyya, Tetrahedron 9, J. W. Sicele, 
J. B. Stenlake and W. D. W Chem. & Ind, 1384 (1959) 
D. K. Fukushima and T. F. G dimer. Chem. Soc. 73, 196 (1951) 
4c. F. Koelsch, J. Amer. Chem. Soc. 65, 437 (1943) 
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costunolide.*:” he reaction leading to its formation from costunolide and methanol 


xected to be reversible. Hence of the two C,, epimers, the thermodynamically 


1 santonin and 
wounds. for a transfused butanolid more stable configuration is the 
the 11-Me group is trans he hydrogen at at C,. If the same 


> costunolide Is expe cted to be 
» addition takes place and also 
also gives a 
(Vill 
d rm, Che ) 
W. Cocker and McMurray, trahedron 8, 181 (1960) 


more stavdic 
i 4 relat con 
on 
- 
= 
4 
= © 
: 
© 
© 
(2) 
7 
LA 
a ) —OMe co 
KOH) 
L SH,OMe 
vil vu 
relation holds good in the costunolide series, the methoxy methylene group at C,, in 
the methoxy lactone (1) must ass ed con u 
The hydrogenation of the ethoxy lactor 1) in acetic acid medium in the 
presence Of platinum laiys esuits um 1 O01 S$ ity MOTre an one 
mole of hydrogen. The product which by analogy with costunolide is expected to be a 
mixture of the lactones VI and VII vields 1-methyl-7-ethyl naphthalene on selenium 
deh renation a 


180 G. H. KucKARNi, A. Paut, A. Somasexar Rao, G. R. Keckar and S. C. BHATTACHARYYA 


the fairly good yield of the addition product, this reaction may be used for the detection 
of such unsaturated lactones. The blocking of such double bonds would lead to com- 


paratively more stable products which may be very helpful for structural work 


EXPERIMENTAI 


All melting points and boiling ints are uncorrected. Rotations were taken in chloroform 


} 


Ultra-violet spectra were taker ‘ ilcohol with Beckman DK-2 recording spectrophotometer 


Elemental analysis were carried out by Mr. Pansare and his colleagues. Infra-red spectra were deter- 


mined by Mr. Jose 
Isolation of Methar actior (100 2) of costus root oil was 
chromatogra] acid itral aiun a 4 poruior cluted by benzene and 
methal was dISso I ther and kept at 5 for 4 day olid (5 g) which separated out was 
115 
OMe, 
5900 


was 


ure of lactones (VI and 
40 hr 
(0-29 ¢ 
000 330 ar 
itrobenz 


methy 


vw laver was the nade ac 

xtract was esterified with diazo 

s (i) b.p. 120-150 /40 mm (bath) 

‘ ilinate’ by its 2,4 

dinitrop nvydrazor and pn. W an authenti an 141-142° (Found: C, 46°67 

H. 4-56: quires 18-06°.) (ii) is identical with IV 
(Found 

onve? ) ost pieti iii ljrocostin lid of costunolide (V, I 

in methanol (30 ml) was added a methanolic solution of potassium hydroxide prepared from 1-1 g 

KOH. 3 ml! wa and nit anol mixture was kept at room temp for 60 hr diluted with 

water an ct ted with etl } : irnished 0-65 g of a solid with U.V. spectrum 

almost identical with that of 1 oxydihydrocostunoli Two recrystallizations from methanol gave 

pure methoxydihydrocostunolic 126-127", (e,1-4) (Found: C, 73-4 

H 9-6: OMe 10-7: lit , 72°69; H, 9-15; OMe 11-74%,). The m.p. of the product 

was undepressed on adm with the methoxy lactone isolated from costus root oil. The U.V. and 


1.R. spectra of the two samples were also identical. 


? Heibron and Bunbrury ctionary of Organic Compounds Vol. 3, p. 178. (1953 edition) 
if 


2400). 1.R. spectrum (in Nujol), is reproduced in Fig. | 
Hy renati of met ‘ Methoxydihydrocostunolide (1, 1 
genated cet acid at t< I gd at press tne pr ence of platinum oxide The hydro- 
: genation stopped after the uptake of s tly re tha ¢ of hydroget The product (VI and ‘ 
VIL) was worked up in the usual way. It had b.p. 175°/0-3 mm (bath) #8 1-4955; d°? 1-086; [9 
33-5 3-4) (Found: ¢ H, 9-6, require C, 72-14; H, 9-84 C,,H..O, require 
Cc, 7i- H. 10-52°.) 
: Selenium dehy enat f actone mixture (V1 and Vil The n : 
Vil, 0-75 g) was dehydrogen: ele powder at 290 
nitroge The reaction product was dist 1. The U.V. spectrum of the d 
respectively, assu ; ecu veight to be 170). It s character! a : 
compic% ind 1 xed mp vil a iutnhentic f I.N.B compiex ol -ethyl- 
naptha 107° (Found: C. 58°61: H. 4:58: N, 10°52: C,.H,-N,O, requires: C, 59-53; H, 4-47 
N, 10-96 
Oro sis of meti ide (1) A stream of ozonized oxygen was passed through a1 
ice-COOICd met | de (1) (0-44 in ethyl acetate (10 ml) tll IZONOLVSIS 
: was ¢ plete The ent re ed at 5O the pre re at the end was 2mm. The residual 
materia decomposed by heat carefully with water t bath for 2 hr, when a clear solutio 
was obtained An ali t port wa t 1 for the deter t 1 of imber of methyl ketone : 
vroups rmed by Found ber of ethyl! ket 2-1: Calc. for the structure 
1. 74) rt la tit alkaline The non-a idic 
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MALVIDIN 3-GALACTOSIDE AND DELPHINIDIN 
7-GALACTOSIDE FROM BLADHIA SIEBOLDII 


PING-YUAN YEH and PiH-Ku&t HUANG 
Department of Chemistry, National Taiwan University 


(Received 4 August 1960) 


Abstract—Two pigments have been isolated from the fruits of Bladhia sieboldii and their structures 
-galactoside(bladhianin). 


= 


identified as malvidin 3-galactoside and a new pigment delphinidin 


IN continuation of our work on natural anthocyanins! the pigments in the peel of 
Bladhia sieboldii have been investigated. About fifteen native species of Bladhia 
(Myrsinaceae) are found in Formosa. The fruits of Bladhia sieboldii change colour 


during ripening from pale yellow through pink, red and finally violet-black. 


The crude pigment extract from ripe fruits showed, on paper chromatography, 3 


pigment spots. Li and Wagenknecht® separated and purified two closely related 


anthocyanin pigments by metasilicic acid partition chromatography. Application of 


this method using silica gel finer than 200 mesh and various solvent systems did not 


effect separation of the pigments. On alumina column chromatography,’ the alumina 


adsorbed the pigments so firmly that they were difficult to elute. In the present 


investigation a modified adsorption column chromatographic method involving silica 


has been devised for separation and purification of closely related anthocyanin 


pigments. Each of the three pigment fractions obtained by paper chromatography of 


the crude pigments, when further chromatographed on silica powder, gave four 


pigment zones indicating that there are no less than twelve kinds of anthocyanin 


pigments in the skins of B. sieboldii. 


In order to obtain sufficient pure pigment to determine its structure, special 


methods were devised and two pigments termed “‘Anthocyanin A”’ and “‘bladhianin” 


were isolated 
Anthocyanin A does not contain an organic acid residue. When hydrolysed with 


hydrochloric acid a violet-red anthocyanidin is produced. From the U.V. absorption 


spectra, qualitative tests® and paper chromatography the anthocyanidin was identified 


as malvidin chloride (1). The sugar in the hydrolysate of Anthocyanin A is galactose 


identified by comparison of the phenylosazone and paper chromatogram with 


authentic specimens. The quantitative hydrolysis shows that it is malvidin mono- 


galactoside and the position of galactose was fixed at position 3 since it is not attacked 


by ferric chloride.° Thus Anthocyanin A is identified as malvidin 3-galactoside. The 
distribution number’ is 9-0 -- 0-8 which agrees with the value of 8-6 for primulin 


(malvidin 3-galactoside)* as well as with those found for monoglycosides (9-8 to 11-0).’ 


P. Y. Yeh, W. F. Ling and R. Takasaka, Science 128, 312 (1958) 
> K. C. Li and A. C. Wagenknecht, J. Amer. Chem. Soc. 78, 979 (1956) 
* P. Karrer and F. W. Strong, Helv. Chim. Acta 19, 25 (1935). 
* K. Hayashi, Experimental Methods in Plant Pigments (in Japanese). Nakayama-Shoten, Tokyo (1954). 
*G. R. Robinson and R. Robinson, Biochem. J. 25, 1687 (1931) 
* A. Leon, A. Robertson, R. Robinson and T. Seshadri, J. Chem. Soc. 2672 (1931). 
* R. Willstatter and E. H. Zollinger, Liebigs Ann. 412, 208 (1916) 
* R.Scott-Moncrieff, Biochem. J. 24, 767 (1930); A. Bell and R. Robinson, J. Chem. Soc. 813 (1934). 
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Diglycosides usually gave distribution numbers below 2-0.? The colour reactions of 


Anthocvanin A are also in good agreement with those reported for primulin 


Bladhianin form il red picrate and d C an organic acid 


residue. It dists t | sher than that (eight) 


ole each 


report ] 
old CS that the 


galactose in 


i: R R=Me : 
i: R R H 
OH R H.R Me 
ga 
the OF pos 
Rlad min w met methyl in aqueous 
SOLU 
is not formed O! cid ed 
to the 5 posit I ) galactoside 
Although 3.7-digluc pelargonidin 
bearing a 
> 
‘ 
ra As mon OT 
d | re tound together in 
+} f Kins of the truits of 
B al 
EXPERIMENTAI 
( ( ( lapa silica 
oh the 
‘ Lov 
AcOH-H.O 10-59. 10-41 wm $:1:4 
80 HCOOH He HA) 
K H xk © 27.4 46, 
P.K ( 10 11, 12 2 29 Nordstrom, Acta 
ci 10 4 
E. C. Spaeth and D. H. R 22, 1321 
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A mixture of lead acetate (5 g) and yellow lead oxide (3 g) in water (6 ml) was shaken at room 


temp until white in colour. The mixture was kept at room temp overnight and the supernatant liquid, 


contained lead subacetate,*” was diluted with an 


equal volume of ethano To 11. of the pigment 


extract, 50 ml of twi 


recipitate separated and 
dried (21 g) > pay 1romatogram the pigmen ybtained by decomposing the lead salts 
showed 3 spots, wh the lead salts showed mainly one 
spot, the highest spot he m ligt was I rvec { isolatio f yvanin A 


Powdered lead drogen chloride 


(30 ml) he red anthocyanin tlor i parated Dy ntrif e! due wa her decom- 
yf the crude 
Anhydrous ether 


Kept in a refrigerator overnignt, 


idded in 2 portions 
Its. The first crop 
Anthocyanin 

yn 
column hen, 


ted with 0-01 


troduced 


0-05:1-00 


fraction, from which bladhianin (10 mg 


18 R. Shindler, Chem. Zentr. 779 (1845) 


(4 vols) was added to the combined red pigment solution, the mixture iy 
vielding crude pigments g) I cn Dia was isolated 
bad 
Isolation of Ant nin A. Lead subaceta tion (diluted 5 times) was 
(79 ml and 315 ml) to the ther r (3 the preparation of the lead 
of lead salts nt ma y Ant \ \ eparated before the sc 
diluted subacetate s vas ad ] p, c taining aimost exc 
A. was dec posed with 0-1 aqueous H¢ 700 to give aque ygment si 
The silica powder (40 g) and 0:1 35 ml) were transferred t 
under 30 cu pigme t ) ml troduced and elu", 
ethanolic H¢ After 1 rst nari t id b re 1, ethanolic HCl was 
to elute the mat The re i I f the i salts v treated in the same ; 
wa The eluat 1 (2 cent i to 40 below 30° under reduced press 
Dark red-brov { C iratec ind recrysta irom aqueous 
‘ H 6°30: OMe. 11-20 
etnal H¢ ( cA i vie, 11°2U; 
H.O. 3-11. Calc. for C.,H.,O,.Cl1H,O: ¢ { H 00: Cl, 6-48; OMe, 11:35; H,O, 3-29.) 
I} colour react {A \ are t a vel xy Scott-M yncrieff for 
print 
/ ition of Dia I I ‘ C cre dg ed §& ‘ elv in 4 portions water 
; 15 ml) and the i. | t idd f 3 portions 
wqueous pic! 22 2 tract termed **Picrate 
(585 mg), *Picrate I! 34.2 iM rA 
Paper chromatog! lil revealed 
that the comp t Xpr d by approximate 
rat of the t est spot, were Picrate | 0-5:0-05, Picrate II, 
1:1:0-5, and Picrate III, 0-1:0°° 
Picrate Il (684 mg round 2 ind centrifuged. The 
ombined pernatant t ) nitate and **Mother 
liquor B”. TI :pproximate 
rat of the 3 pic pl tate (38 mg), 
EE, and Mother B, 0-0 S Picrate Ill (14 as treated wilh 
} 2 t 
water to give I of these 5 parts 
7 
is the sal \ 
Mother rA SI Willcil 
H¢ d reprecipit K is dissolved 
hot water (0-4 ] rit is added to the 
hot agqu is solut I precip [ er t id been cooled in 
ice-waler ink + la rapny 
ash bh chowed it ier (100 No 
zone ited 0-1 H¢ r (3 was eluted wit 
UV! etna he H¢ 372 trea Z and the 
! est red zone we ted succes 0-02 ind Ol H¢ After the 
elution, there wa e red fh zone) at the p of the column. The lowest zone was the mait 
was obtained 
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Bladhia 
form a rex 


benzene 


yellow 
In etl 
blue; leac 
for C,H 


(i me 


HA 


(i mi) t& and the 
aqueous vacuum 
desiccator h sod ater and 
again evaporated ir he coloura- 
tion by anthrone, the above 1 " } ’ water al vaporation) was repeated 5 times The 


solution (pH 6°12) gave no 


final residue. a colourless solid mass, was dissolved in wate m The 
The amount of galactose in this solution was determined as 


precipitate with silver nitrate solution 


forms dark violet microcrystals, is casily soluble in water, methanol, and ethanol to 
Mutior pur d acetone t form violet sotut nand im 
4 reactior nihiani¢ it Sad iri pa > erect 
acetate, i: C, 45:18; H, 482; Cl, @26; H,O 1168. Cak 
.CLIHLO: C. 45-45: H. 491: 639; HO 
ation of Anti A I red f Anthocya 
anhydrous HC) cKOHQ led 
give a blue solu Thx kent at 
graphy of t No. 2 
showed the s eR sluc a fA <vanin A (O 30) indica 
the tier 
H have min A* A fA \ 
was b 
The filtrate wast \ \ t-res 
necdics, cay tive 
The \ hi h 10 
The R, value No. 2 re 0-99 AcCOH-™ 
authentic mal 
The U.V.s ulvid 
crude suga bt f fA \ was ext ed . 
with benzene time I he itch 
The solid residue « Ihe the re ‘ 
showed paper < R 
graphically The sugar by to the p. 17 
Quantita A. A \ \ (7 6440 nism 
the aglycone separated by cent va i wit } wer. The ere « bined 
pentoxide al 100-105" under 5 cuu it we d 492 64-45 the ant T he 
caiculated value for the agive < valactosidc nvdrate, 4 H..O.CLHO, wa 
67-06 
The sugar solution was first d ed with water to 3 then extracted with isoamyl alcohol unt: 
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lamp for 40 hours gave a photoisomer (II) in 42 per cent yield. The photoisomer 
possessed bands in the infrared at 3020, 1560 and 735 cm“, characteristic of a cyclo- 
butene."':'* The ultraviolet spectrum showed only weak end absorption (é,; 940). 
The nuclear magnetic resonance spectrum possessed three general bands whose 
integrated intensities were in the ratio of 2:2:6. These spectral features were indicative 
of valence tautomeric structure II, A®-bicyclo[3.2.0]heptane, for the photoproduct. 
In the NMR, the low field singlet at 4-20 + was assigned to the cyclobutene protons, 
the singlet structure suggesting identity of the vinyl protons. The small coupling with 
the adjacent ring juncture hydrogens could not be resolved. A doublet centered at 
6-89 + was assigned to the allylic ring juncture protons, the doublet suggesting identity 
of the protons and their coupling with an adjacent methylene group. Finally, a large 
broad band centered at 8-58 7 was assigned to the six protons of the remaining 


saturated methylene groups. 


Phe bicyclic nature of the ring system was established by dihydrogenation of II to 
the known bicyclo[3.2.0Jheptane (IL])."°. The presence of the cyclobutene ring was 
shown by the isolation of cis-cyclopentane-1,2-dicarboxylic acid (1V) from the ozoni- 
zation of the Il. Finally, when the photoisomer was pyrolyzed at 400° it was converted 
back to cycloheptadiene, a thermal rearrangement expected of the valence tautomeric 
structure II 

The finding of the tacile conversion of | ,3-cycloheptadiene to 1ts bicyclic valence 


tautomer prompted the investigation of the photochemical reaction of 1.3.5-cyclo- 


heptatriene (V). It is well established.” that the related tropolones undergo the 


ng reaction but the spectral character of this type of compound makes it quite 
different from the unsubstituted triene. With 1,3,5-cycloheptatriene there are two 
valence tautomeric structures which can be formed by bridging, one the norcaradiene 


(VI) and the other the A*-bicyclo[3.2.0Jheptadiene (VII). Previous workers’ 
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viatek, J. Amer. Chem. Soc. 73, 2098 (1951); E. Vogel, private communication. 
3864 (1955): P. D. Gardner, R. L. Brandon and G. R. Haynes, J. Amer. Chem 


nw. Soc. 82. 3642 (1960) 
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attempted to prepare the norcaradiene by the reaction of diazomethane with benzene 
but the finding of only 1,3,5-cycloheptatriene led to the conclusion that at ordinary 
temperatures the norcaradiene is rapidly isomerized to the triene. Such a thermal 
instability of the diene would prohibit its buildup in a photochemical reaction run at 
room temperature. On the other hand, the A*“-bicyclo[3.2.0)}heptadiene (VII) has 
been prepared from cyclopentadiene’’ and has been shown to be therma ly stable to 
temperatures up to 200°. Since such a valence tautomer! would be stable to ultraviolet 
light, the photochemically induced bridging reaction could be expected to yield such a 
material 

Irradiation of 1,3,5-cycloheptatriene (containing a small amount of toluene) in 
ether solution under the above conditions for a period ol 200 hours gave an isomeric 
photoproduct in 34 per cent yield. In agreement with the expected structure, VII, the 
photoproduct possessed physical rties which were identical with those reported 
for VIL. The ultraviolet spect Te no MAXIMUM (£o 


spectrum in addition to hands at 3050. 1605 and 1560 cm ~', the last two being charac- 


2340) and the infrared 


teristic of a cyclopentene and cyclobutene, showed the characteristic three overtone 


bands at 1625, 1660 and 1690 cm rhe nuclear resonance spectrum showed three 


>.9 
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juncture ton methvlene group absorbed at 7°67 r. In addition to these 
spectral pi which clearly define tl ructure of the photo-product the material 


upon tetrahydrogenation [3.2.0}heptane (111) and upon pyrolysis at 400 


of cycloheptadiene and cycloheptatriene 
10,14,15 


to the bridged \ tautomer! uctures as well as the previously reported* 


results with the pyrocalciferols tropolones and cucarvon learly indicate the general 


occurrence of photochemical intramolecular cyclization or bridging reactions. 
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Bicyclo[3.2.0)\heptane (U1). A solution (1-07 g; 11-4 mmoles) A*-bicyclo[3.2.0]heptene in 45 ml 
95%, ethanol was hydrogenated over 63 mg prereduced platinum oxide at atm press and 25°. After 70 
min, 275 ml (11-4 mmoles) hydrogen had been absorbed and no further uptake was observed. The 
catalyst was filtered and the ethanolic filtrate partitioned between water and ether. The ethereal layer 
was washed with water, dried and then swirled with 16 g alumina (Woelm, Act. III). The ether was 
removed by careful distillation through a 1l-meter tantalum spiral column and the residue distilled 
through a short-path molecular still, yield 715 mg (67%). The distillate upon GLC over a 10-ft 
asphalt column at 100° showed less than 1 % Starting material. An analytical sample of bicyclo- 
[3.2.0}heptane was collected from GLC under the above conditions, nj’ 1-4525 (lit."* nf? 1-4532). 

(Found: C, 87:19; H, 12-71; Calc. for C;H,,. (96:17): C, 87-42: H, 12-58%) 

Ozonolysis of A*-bicyclo[3.2.0\heptene (11). Ozone was passed through a solution (500 mg. 5:3 
mmoles) II in 100 ml methylene chloride cooled in a Dry Ice-isopropanol bath at the rate of 0-41 
mmole/min for 21 min. The resulting solution had the characteristic blue color of a methylene 
chloride solution of ozone. The solvent was removed under reduced press and the residual oily ozonide 
was allowed to react with 30°, hydrogen peroxide in alkaline solution on a steam-bath for 2 hr. The 
solution was acidified and evaporated to dryness. The residue was digested with chloroform, the 
chloroform solution decolorized and the solvent evaporated, The remaining oil was crystallized from 


ether—petroleum ether (30—60°), yield 91 mg (11°), and after two additional recrystallizations from 


the same solvents gave pure cis-cyclopentane-1,2-dicarboxylic acid (IV), m p. 137-139 A mixed 
m.p. with an authentic sample, prepared from the frans-diacid,** is 137-139°, and the infrared spectra 
(KBr pellet) of the two samples of diacid were identical 

Pyrolysis of A®-bicyclo[3.2.0\heptene (11). The pyrolysis apparatus consisted of a 7-mm (I.D.) 
Pyrex tube packed to a height of 16 cm with Pyrex helices and heated to 400-420 A slow stream of 


nitrogen was constantly passed through the apparatus and the material to be pyrolyzed was slowly 
injected into the column from a syringe. The bicycloheptene II (250 mg, 2-6 mmoles), was injected 
and the pyrolysate collected in a trap cooled in a Dry Ice isopropanol bath, yield 157 mg (63%). The 


pyrolysate was homogeneous to GLC over a 10 ft asphalt column at 100° and had an infrared 


spectrum which was superimposable on that of 1 ,3-cyclohept idiene 


\*:*- Bicyclo[3.2.0|heptadiene (VII). A solution (26-0 0:28 mole) freshly distilled 1,3,5-cyclo- 
heptatriene**.** in 2 1. dry ether was irradiated as above for 200 hr at which time more than 90° of 
the triene spectrum had disappeared. The ether was removed through a 1-meter tantalum spiral 


column and the product distilled through the same column, yield 8-80 g (34°), b p. 97-98° (lit 7.8 h p 


96-0-97-5°), eB" 2340. By GLC on a DEGS column at 40°, the distillate was found to contain 


95-97 of A*-*-bicyclo[3 2.0)}heptadiene and 3-5°% of t and unchanged starting material. A 


non-volatile residue of 11-5 g was recovered and presumably is polymeric material 

The photoproduct was purified by GLC using a 4 inch diameter DEGS column at 40° and the 
material collected was dried over lithium aluminum hydride, np 1-4721 (lit®* ny1-4751 

(Found: C, 91:25; H, 8-94; Calc. for C,H, (92:13): C, 91-25; H, 8-75°%) 

Hydrogenation of A*:*-bicyclo{3.2.0\heptadiene (VII). A solution (603 mg; 6-6 mmoles) bicyclo- 
heptadiene (VII) in 15 ml 95% ethanol was hydrogenated over 38 mg prereduced platinum oxide at 
atm press and 25 After 100 min 328 ml (13-5 mmoles) hydrogen had been absorbed. The product 
was processed as before and collected from GLC (DEGS $ inch column at 40°) and the infrared 
spectrum of the material was superimposable on that of bicyclo[3.2.0Jheptane. Co-injection of 
hydrogenated materials from the bicycloheptene and bicycloheptadiene on a DEGS column gave a 
single band 

Pyrolysis of A*:*-bicyclo(3.2.0\heptadiene (VII). The bicycloheptadiene VII (86 mg; 0-91 mmole) 
was pyrolyzed as described above. The product (32 mg, 37%) was homogeneous to GLC ona DEGS 


column at 40° and its infrared spectrum (CS,) was identical with that of 1,3,5-cycloheptatriene 


(collected from GLC 


and free of toluene) 


* L. N. Owen and A. G. Peto, J. Chem. Soc. 2383 (1955) 

** Kindly supplied by the Shell Development Corporation, Emeryville, California 

*8 The 1,3,5-cycloheptatriene was distilled through a Vigreux column, b.p. 114-116° (lit b.p. 117°, W. G. 
Woods, J. Org. Chem. 23, 110 (1958)), and the distillate contained a few per cent of toluene 


** E. Vogel, private communication. 
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In this expression s is the length of a pure single carbon-carbon trigonal bond, and k is 
its force constant. 

It is obvious that the energy E is stationary at r,; = Tf). If we can show that it is a 
minimum at this point, then we have shown that the regular structure is preferred. 
By direct differentiation, using the fact that df/dr 


4a 


and a similar equation for 0°E/dér,*. Also 


If we put s 1-50 A, and accept the value a 2-683 A-!. as used by Coulson and 
Golebiewski', and put A 4-8 10° dynes/cm, it Is easily verified that the first term in 


the expression for 02F/dr,2 (which is due to the o-bonds) is positive and about three 

times as large as the other two terms (which are negative and due to the z-bonds). 

Also (@°E/or,*)(0°E/or,*) (O°E/or,er,)°. Thus the regular octagon is stable and this 


stability is independent ol small changes that we might wish to made in the numerical 


values of s, a and k. The actual length in the equilibrium 
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Jackson have made the interesting observation that the ketoesters (IV, V and VI) are 


highly enolic, whereas the ester (VII) is enolized only to a minor extent.” This may 


be, in part at least, due to the subtle conformational effect of the type noted above. 


IX 


[he influence of the double bonds on the relative stabilities of the stereoisomers in 
the hydrophenanthrene series has not received much attention. The present investi- 
gation was started with this aim. It was hoped that the acid-catalysed isomerization 
of the dienone (VIII) into the phenol (LX) would throw light on the stability orders of 
the stereoisomers of xX. 

The choice of this system was dictated by two reasons: (i) The compounds of type 
(VIII) were accessible by stereochemically unambiguous routes; (ii) Johnson's work 
on stereoisomeric oestrones!’ provided ready means of identifying the products. 

We report in the present paper, the preparation of two tricyclic intermediates 
XII1 and XVII capable of elaboration to the dienones of type VIII, having the anti- and 
syn-backbones respectively. The starting materials for the two series are the trans- and 
cis-forms of the octahydrophenanthrone (1), reported by Birch et al ‘© by the con- 


2 


trolled lithium—ammonia reduction of 1-oxo-7-methoxy-] .4,9,10-hexahydrophen- 


anthrene (X).'° 


E. Wenkert and B. G. Jackson, J. Amer. Chen c. 81, 5601 (1959) 

16 See also: C. Sannie and J. J. Panouse, Bu Soc. Chim. 1435 (1956) 

17 W. S. Johnson. I. A. David. H. C. Dehm, R. J. Highet, E. W. Warnhoff, W. D. Wood and E. T. Jones, 
J. Amer. Chem. Soc. 80, 661 (1958) 

18 G. Stork, J. Amer. Chem. Soc. 69, 2936 (1947); F. J. Villani, M. S. King and D. Papa, J. Org. Chem. 18, 
1578 (1953) 
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2,3,4,9,10,11,12-octahydrophenanthrene 


Reduction of srans-l-oxo-7-methoxy-! 
(XI) by sodium borohydride gave a mixture of epimeric hydroxy compounds, m.p 


102-103° and 92°, in the ratio 2:1 The major product has been assigned the /j- 
(XI1)'* and the other epimer, the «-configuration 


is assigned were confirmed as follows:*® The 
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theoretical interest, but recent work”® 2 has shown that a number of diterpenes have 
the syn-backbone. Presently only two general methods are known for building up 
such systems. The first takes advantage of the stereospecificity of the Diels-Alder 
reaction,*® and the second depends upon the phenomenon of catalyst hindrance 
observed by Linstead e7 a/.8'** We have developed a new procedure which makes use of 
the conformational flexibility of the cis-decalin system.” lhe syn-compounds prepared 
by us for the present work are also useful intermediates for the synthesis of diterpenes. 
Reduction of cis-octahydrophenanthrone (XV)'" by sodium borohydride gave a 
single hydroxy compound, which has been assigned the configuration XVI on the 
following grounds. The ci -ketone (XV) could exist in either of the two conformations 
XXI or XXII and the approach of the reducing hydride species from the concave side 
is highly hindered in both the conformations. Hence XVI 
he only reasonable configuration for the reduction product 4 Reduc- 
ketone (XV) by lithium tri-t-butoxyaluminohydride was not stereo- 
hromatographic separation ol the reduction product followed 
-nitrobenzoate showed that the lroxy compound (XVI) 

product [he other by-] in bt 
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du yn thro 
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The extract was washed with brine, ice-cold 2°. NaOH solution, brine and a little water and dried 


(Na,SO,). Evaporation of the solvent under vacuum at 30° gave frans-anti-1 }-hydroxy-7-0xo- 
A*"'-dodecahydrophenanthrene (X11), m.p. 140-155"; yield 240 mg. After several crystallizations 
from ether the product melted at 157-158 A sample was sublimed for analysis Infra-red absorption, 
3650. 1667, 1613 Amax 240 mu; 15,240 (Found: C, 76°03; H, 9:19. requires: 


C, 76:36; H, 909%) 
The 2,4 linitrophenylhydrazone was obtained as a red crystalline powder by Shine’s procedure** 


and recrystallized from ethylacetate, m.p. 195-198 (Found: N, 13-72. CsoH.yO;N, requires: N, 


13-99") 
The semicarbazone was prepared by the sodium acetate procedure, m.p. 246-249° (decomp) after 


recrystallization from aqueous alcohol. (Found: N, 15-19. C,;H,sO.N, requires: N, 15-15%) 
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The mother liquors from the «,/-unsaturated ketone gave a crystalline solid, m.p. 105-125 
(150 mg) which showed no absorption maximum in the ultra-violet region. The product, in all pro- 
bability, is the {,)-unsaturated ketone (XXV1) 


cis-syn-trans-1 x-H ydroxy-7-oxo-perhydrophenanthrene (XV 111)" 


To a solution of lithium (14-7 mg) in anhydrous liquid ammonia was added a solution of cis-syn-1x- 

hydroxy-7-oxo-A*''*'-dodecahydrophenanthrene (XVII), 113 mg) in anhydrous ether and the mixture 
: 
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extracted with ether. The extract was washed with water an ried (Na,SO,). Removal of solvent 
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Résume —Les proprietes spectraies 1 déshydrogénation et lozonisation de l’acide daniellique, diter- 
péne de Daniellia oliveri (Césalpiniée), permettent de lui attribuer la formule (1). La stéréochimie 
absolue indiquée sur cette formule découle d e corrélation avec l’acide agathique 


Abstract A new di erpene acit daniellic acid is Db isolated from he African copal tree, Daniellia 
oliveri (Caesalpineae). Structure (1) is deme rated for daniellic acid; the stereochemistry implied 


(relative and absolute) is derived fi 


La Césalpinice africaine, Daniellia oliveri,* fournit une oleoresine constituee par un 


mélange de sesquiterpénes et d°un acide diterpénique, en proportion variable avec lage 
de l’arbre et le nombre de gemmages qu’il a subis précedemment. Il y a quelques 
années, Criqui' decrivait lisolement de cet acide diterpenique, apparemment nouveau. 


Il proposait la formule C,)H.O,, reconnaissait la présence de trois doubles liaisons 


hydrogenables, et postulait pour l'atome d’oxygéne non-acide une fonction ether. 
Une nouvelle étude de l’acide, que nous appellerons désormais daniellique, nous 
a conduits a lui attribuer la structure’ et la steréochimie absolue indiqueées par la 


formule (1) 


R. L.) 


Une grande partie de l’acide daniellique contenu dans l’oléorésine brute cristallise 


Isolement de acide 


spontanement. II est utile, pour en faciliter isolement, de commencer par preparer le 


sel de diéthylamine; l’acide ulterieurement réegenere est recristallise dans le methanol. 


L’acide daniellique présente les constantes suivantes: | 129-130-S°: [x] 58 
i 
Son sel de diethylamine est cristallise [f 122°; [a] 20°], mais son ester methy- 


lique n’a ete obtenu que liquide. 


Structure de l’acide daniellique (J. H., R. L.) 


La structure de l’acide daniellique découle des faits suivants 
La formule C,,H,,O, a été confirmée directement, par dosage des trois elements 
de l’acide et des quatre du sel de di¢thylamine. Elle decoule également de la suite des 


degradations. 


* L’identification botanique de ce copalier de Oubangui-Chari a ete 
Foréts et Chasses de ce territoire 
' A. Criqui, Thése d'Ing. Docteur, Strasbourg (1956) 


2 J. Haeuser, Bull. Soc. Chim. Fr. 1447 (1959) 
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La presence de trois doubles liaisons a été confirmée par hydrogénation cataly- 
tique; le produit hexahydrogene n’‘a pas pu étre amene a cristalliser, et il n'a pas été 
possible de lations selectives 

le spectre 1. R. de l’acide 


(C=-CH,) 890 


isons Constitue un groupe vinylidene 


bandes caracteristiques de ce groupe 


) fournit du formaldéhyde (isolé par sa 
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con 
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Isolement et structure d'un nouveau diterpéne: l’acide daniellique 


prepares a partir de l’acide agathique (V). Ce dernier, par ozonisation, donne l’acide- 
dicétone (V1), I 138°, aisément isomérisable en cétol (VII) 264° lui-méme déshy 
thylenique (VIII) I 190 


dratable en cétone 
L’ozonisation de cette derniére donne le diacide cetonique 191", (LX), a priori 


La méme suite de réactions réalisée sur 


identique a (11), ou antipode, ou epimere 
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Isolement et structure un no erpene ellique 
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I C 74-65 H101 O 12-4 N 3 ENS.) 
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On obtient aussi des sels cristallisés avec [ammoniac, la pyridine, la cyclohexylamine. Une com- 
binaison cristallisée est également obtenue avec lacide ferrocyanhydrique 


Daniellate de méthyle 


Obtenu par action du diazométhane, lester méthylique est liquide, et n'a pas été caractérise 


davant L’ester méthylique est quantitativement récupére intact apres 48 hr de reflux dans 20 


equivalents de pota se alcoolique 2N 


RMN du daniellat 


Le spectre a mn ni Mctigque nucical gu dan late de methvie a ete mesure a 40 Mec. en 
solution a environ cu ocniorol ior met ie comme reterence 
nterne ay indes obten p ir rapport au chlorure de 


Interprétatior 


Hi 


Ozonisat 


(a) Dosage lor ul (J.H.) 3-1 mg d acide daniellique 
(10°* mmole) dar mil « mélang ide acetique-acetate det On ozonise pendant 
2 min, par un courant d oxvgene Zo! >a I l., avec un débit de 100 ml/min. On verse dans 


30 ml de réactif de Schiff, on ajout si acide chlorhydrique concentré, et on complete a 100 ml 


W. Chien, J. Amer. Chem ) 762 (1960) 


de meéthyle (G. O.) 
Ne mor 
cps Aspect 
de protons 
79-2 2-2 2H multiplet Mx furannique a 
37-8 1H pict furannique 
17-7 4-64 1H ligne rec 
( CH 
1 lH ene ree 
69.5 5-94 ligne fine R—CO,—CH 
168 8-4 ligne fine | 
CH,—4 
194 ligne fine | 
Professeur E. J. Corey pour s lide a ce sujet ar 
Solvant: éthanol ou acide acétique; catalyseur: platine sur charbon, 5 température et pres 
sion 3 b be thr. Le pr t na pas pu Ctre cristallise 
: Le palladium sur charbon et le ck e Raney ont pas per s d hydrogenation sceiective : 
Déshy nation de daniellique (J. H.) 
On cha ew inic e avec 30 de im, pend t 401 en eclevant la temperature 
peu a peu 1 300 Aprés re lisserme e prod est e) éther. et l’extrait est distillé 
sur sox I2mm. On recuc vir ? e, 40-160 que l'on traite a chaud par 
aune o1 re. | 15-120 Apres 6 rec sd ct 1, le point de fusion reste constant 
ll sag usembiadlement du picrate du U éthyl-1,2.5 iphtaiene, Mais une comparaison Cirecte 
na pas ete possidic 
139-140 
C,H,-O-N (399-35) Cale C 57:14 H429 N 10°52 
Tr C H 4-4 N104 (E.N.S.) 
Lit I 13 138°] 
Mion de [acide daniellique 
5, 
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par de l'eau. On opére de méme avec 3-3 mg d’acide agathique (10-* mmole), et on prépare dans les 


mémes conditions un essai a blanc. On lit ensuite les densités optiques, sous | cm, a 595 my, par 


rapport a l’essai a blanc L’acide daniellique ozonisé donne une lecture de 0 470: lacide agathique 
(1C=-CH,), une lecture de 0-489 
(b) Jsolement de la combinaison dimédonique du formaldéhyde (J. H.) On ozonise | ¢ d’acide 


daniellique dans 20 ml d’acide acétique a 15°, pendant une heure, par un courant d 


“oxygene ozonisé a 


70 mg/l., avec un débit de 200 ml/min 
| 


La solution est ensuite chauffée a reflux pendant une heure, puis additionnée de 5 fois son volume 


d'eau, lavée a l’éther, et traitée par une solution aqueuse de di nédone (1 g). Aprés 24 hr le precipite 


est essoré et recristallisé dans léthanol aqueux I 189°, pas abaissé par mélange avec le dérivé 


authentique du formaldéhyde 


(c) Ozonisation préparative (F.L.). On ozonise 600 mg d acide daniellique dans 30 ml de chlorure 


. de méthyléne et 3 ml de py! ne, a 70° (méthode de Conia et Leriverend'') Apres retour a la 
tempeérat ire ordinaire. on évapore le chlorure de méthyléne sous vide, a froid. On ajoute quelques ml 
d'eau, 10 ml d'eau oxygénée a 30 et 10 ml de potasse aqueuse a 10 Apres repos de 48 hr. on tsole 
de la maniére habituelle la fraction acide (373 mg) qui cristallise par trituration avec de l’éther de 


pétrole contenant un peu etner I 168 (Kot chromatograpnhie sur 25 acide silicique 


(colonne préparée avec éther de pétrole, produit mis en solution dans le minimum d’éther). Le 
nélange éther de pétrok éther (4:6) élue le diacide-cétone (11) 


I 190 (Kof.) 
C,,H,,O (296°35) Calc C 64-84 H8-16 


D.R.: Effet Cotton positif [x 35 2°, 1688 


[x] 620°, 2674°, 2328 0-19, MeOH) (Fig. 2a) 


Formation de lester de méthyle et de p-phénylphénacyle AV) (F.L.) 
Le diacide-cétone (I1) est estérifié au diazomethane Apres chromatogr pnic ir alt ine et echec 
le ristallisatio nif | fonctior ster prim 150 me. jar iS ml ie 
ues essais Ge Crisiall ( aponine ta este primaire ne Crux Gans ae 
meéthanol avec 230 mg de potasse un) 


Nous n’avons pas non plus pu cristalliser le monoester, méme apres chromatographie sur acide 


silicique 


4 150 me de monoester méthylique (111), dans 0-5 ml d’eau contenant 22 mg de carbonate de 


sodium, on ajoute de l’acide chlorhydrique N jusqu’a pH nuis 2 ml d’éthanol et 140 mg de bromure 
de p phénylpheénacyle On porte a reflux pendant 90 min Au refroidissement, une gomme jaune 


precipite On extrait avec un mélange d’éther et de chloroforme; On dilue a léther, ce jul provoque 


la précipitation de cristaux, qui sont essores et rect stallisés dans le chlorure de méthylene et l’éther 


C'est l’ester de méthyle et de p-phénylphénacyle (1V) 


F — 140° (Kof.) 
(504-65) Cale C 73-73 H7-19 


Spectre L.R.: Fig. \(b) 


Spectre U.V.: / 285 my 24,800; MeOH) 


D.R.; Dispersion simple positive (effet Cotton inaccessible), [=], 13°, [a], [a] 


+ 105°, + 139° (c = 2:7; MeOH) (Fig. 3) 


Ozonisation de l’ acide agathique (F. L.) 


(a) Obtention du dicéto-acide (V1). On ozonise une solution de 2:42 g d’acide agathique dans 30 ml 


de chlorure de méthyléne et 4 ml de pyridine, 4 — 70°, jusqu’a coloration bleue. Aprés retour a la 


température ordinaire, on évapore le chlorure de méthyléne, on dilue a l'eau, on acidifie par l’acide 


chlorhydrique concentre, et on extrait de la maniére habituelle. On obtient ainsi 2 g d’une masse 


11 J. M. Conia et P. Leriverend, C.R. Acad. Sci., Paris 250, 1078 (1960) 


- 
Ir C 64:8 H80 (Lyon) 
Spectre Amax 283 mye ( 32; EtOH 
Spect Fig. | 
Tr C 73-6 H72 (Lyon) 
32°, 
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On 


chromatograpnie sul 


r 110 g d’acide silicique (colonne preparee avec 


dether) 


presentant en LR. ni 


acide (CHCI, 


130 recristallises 


MeOH 


2 ae ether de petroic, produit mis cn solution dans ic 1 
4 les bandes du groupe C-—-CH celle d'un carbonyle cétonique [r(C--O) 1690 cm | 
Le éther de pétrole-cther (4:6) 1:29 de cristaux 8). : 
iy’ a Cicelo-ac < Vi c ic mo re ) 
( HM) (04-4 ( 69 H &-90 
Vil ac < ¢ precede 
cinere « ‘ | 
< e < 
: Vill | Vil 
cc 
; 
( HO ( 
R OH ( CO.H KB 
DR - Effer 0 02; 
Vill 
4 | | ne 
K 
: w. S.J 13k R A. j lutte J A cj 82. 614 
W. Aiyne, « 
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acide daniellique 


Ozonisation de la cétone éthylénique-acide (VII) (F. L.) 

On ozonise 400 mg du produit (VIT1), f 190, dissous dans 25 ml de chlorure de méthylene et 3 ml 
de pyridine, a 0°. Le méme traitment a l'eau oxygénée que pour l’ozonisation de l'acide daniel- 
lique, et Tisolement habituel, donnent 390 mg d chromatographiée sur 
24 dg acide siliciguc (colonne preparee a | 


ie minimum 
d’éther) 


Les ?langes ether de petrole-ether me < sta 186 
188 recristallisés dans le chloroforme et hexane 


191 i(Kof.) 


(296-35 


213 
4 
C,,H.,0, ME) Cak C6484 H8-16 
Ir C 64-28 H 7-97 (Lyon) 
Spe ve U4 Rin 
Spe e LR Fig 
D_R Eflet Cx 17 ( 174 2550 
y 415 MeOH big 
s¢ COT precede acide agat Ley t crite ectement 
Part x ( ecrit 
CO.H 
C..H,.O, ( ( Hi ‘ 
coy H 10 
LR On 40 ( 0 ( CH¢ 
: DR } ) 0-2 
hon) tl 
dD x x! 
‘ 
Lit 
4 { | > 
(XT CE. 
le \ 
cique 


Ren? 
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SOME KETOMANOYL OXIDES 


R. HODGES 


Abstract 


Cotton eflect 


and secon ) 


ch V was obtained 


cmiat 
ACC Mic, 


as its 


2.4-dinitrophenylhydrazo substance having LR. 


absorption at 1746 cm ‘ characteristic 


[he preparation ol the 1-ketone was accomplished by oxidation of II with selenium 
dioxide in acetic acid The resulting crude allylic acetate was hydrolysed, then 
P. K. Grant nm Hodge 
Prepared by wenation of 2-ketomal oxide ext from the wood oil of Dacrydium Colensoi, and 
ed by Dr. P. K. Grant 


P Grant, J R60 (1959) 


Tetrahedron. 1961. Vol. 12. Pergamon Press, Inc. Pr Northern Irclar 
Chemistry Department, University of Gias ‘ 
( Recs WN embn 1960 
curves comy ed with Jk <iihvdro OV xed 
| 
IN view of the strong positive BEE exhibited by 2-kctomanoy! oxide,’ It was 
thought desirable to prepare the corresponding ind 3-ketone 
Accordingly 13-oxidolabdan-2-one (2-ketodihyds anov!l oxide) (1) was 
reduced wit dium Dor yaride to an aicon entical with tnat Dla i by Grant 
ind cor! dered Oo ™ ‘ pimel | pel | Oriae 
giving a mixture of the olefin Il and t hior pound Iii w d be de- 
hyd orinated to Il. When phos ' “ ride in pyrid was used for the 
dehydration, Il w product. Epoxid n of Il, 1 1 by reduction ol 
the product wit ydride yicided al 1icohol which was not 
characterized. but oxidized to the ketone I\ 
v 
That this was, ! fact. &x.13-oxidolabdan-3-one was demonstrated, first by 
hydrogenation of Il to now that n tai cna nad 
taken plac Ee the usual retropinacol ring contraction { ilcohol, 
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oxidized to the en-one VI. This had U.V. absorption (in methanol) at 225 mu, 
¢ 8400, consistent with its structure. On hydrogenation it yielded 8x, 13-oxidolabdan- 
l-one (VII). In order to confirm its structure this was reduced by the Wolff-Kishner 


procedure to &x,13-oxidolabdane. These experiments support the placing of the 


carbonyl group in natural ketomanoyl oxide at C, making it the only diterpene 


known to be oxygenated at this position 


absorption bands of the I-, 2- and 3-ketones 
111-5 and 1708 cm~' (in CCI,) though that of the 


normal for a cyclohexanone with no z-sub- 


-Kctone 


Stituents 
into ring A | four axi Ce, Crp and Cy, 

The rotatory dispersion curves of I, IV and VII are similar to those of then 
steroid analogues, though it might be expected that the methyl substituents at C, 
would cause a considerable difference in | and IV. The curve of IV ts also similar to 
those of 8/-methyl triterpenes, e.g. dipterocarpol and onocerone dione-Il, which are 
thought* to exist largely in the true A-boat form in solution. Hence IV, which ts even 


more congested on the p-face than dipterocarpol, probably has ring A ina boat form. 


‘R. Hanna, J. Levisalles and G. Ourisson, Bull. Sac. Chim. 1936 (1960). 


| 
| 
| 
anh ; 
| 
= 
| wves of 
j 
j 4 
| 
a 
} 
The frequency of the carbonyl 1.1 
are in the expected order at | | 
is appreciably lowe tha 
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However, a very high degree of compression would be needed for the A-boat form to 
be preferred in I, for in this case the additional unfavourable interaction between the 
3-hydrogen and the methyl group at C,, would be introduced. 

The octant rule® would predict that if ring A assumes a chair form, I should 
exhibit a positive Cotton effect of low amplitude, since the nearest atoms to the 
carbonyl group to make any contribution should be C, and C,,. The nature of the 
Cotton effect of the A-boat conformation of | is hard to predict in view of the asym- 
metry introduced into ring A itself in this form. Until other 2-keto di- and triterpenes 
with varying amounts of 1,3-diaxial substitution are available for comparison, no 


reliable deductions regarding the shape of ring A in these compounds can be made. 


EXPERIMENTAI 


Rotations were measured form at room ter I inless otherwise stated M.p.’s 


were taken on a Kofl I OCK 1d ar Lex « mina used for chromatography had activity 
Light petroleur 

; 1) w allowed 

for 2 hr After 

40° (c, OY) 

yxidolabd-2-ene, 

alcohol 

tachloride (300 meg ht troleum il), t product was an 

choro-comp 1 by repeated 

1 ol monoperph- 

d under reflux 


nr 
PDroauct 


was 
8 N chromic 
alumina, 


22 
$4 


)). (Found: ¢ 


ppinacol rea hydride (100 mg) 


ken with 

on gave an 
bsorption bands 
d. Ozonolysis 


vihydrazone (112 


reflux with selenium dioxide 
(150 meg) in: acid ml) un he ide prod wh I.R. absorption at 1726 cm 


Was hvdrolvyze DY ral n in varoxide ll met anol (10 ml SU ) 
Chromatoegra n alumina afior lana hol wi a characterised but oxid gd in acetone 
with 8 N chrom d/sulphuric acid t rystallized as needles (51 mg) ft nethanol, 
m.p. 135-136, [x] ind H, 10-6 O, requires C 78-6; H, 10°5%) 
A similar selenium dioxid dation was carried out { rude product (140 mg) from the 
reactio ot ph yspn rus pent chi 1e Wit the ? ilcohol te! ] drolvs s two products were 
separated by chromatog | an alcohol 7¢ is before, and 2-chloro-& | 3-oxidolabdane (IIT) 
which formed needles (2 g) from methanol, m.p. 111-112 0° (c, 0-6). (Found: C, 73-95; 


H, 10°85; Cl, 10-85. Cy oH,,OCI requires: C, 73-5; H, 10-8; Cl, 10°85") 
8%. 13-Oxidolabdan-\-one (VI1). Hydrogenation of VI (40 mg) in ethyl acetate using 10 palladium 


on charcoal catalyst gave VII (35 mg) as needles from aqueous methanol, m.p. 80 S1°, [aly 5 


(c. 1-1). (Found: C, 78-8: H, 11-2. Cs oH ,O, requires: C, 78-4; H, 11 2%) 
Dehydrochlorination of U1. 11 (20 mg) was heated under reflux with sodium hydroxide (1 g) in 


§ C, Djerassi, Optical Rotatory Dispersion p. 178. McGraw-Hill, New York (1960) 


J 
\ a with lithium aluminium hydride (60 mg) in tetrahydrofuran (10 mi) for 10 hi I} i 
: j adsorbed from benzene « i i, eluted with etl hen oxidized in acetone wit! 
acid sulphuric acid. Al tion with water, ether extraction and chromatography 
8+. 13-oxidolabdan-3-one formed needles (81 mg) from aqueous methanol p. 70-71-5°, +3 
(c, 7 H 85. Cy C. 78-4: H. 11:2%) 
Re 
in aqueous methanol (20 mi, for ihe product gnt petrol 
phosphorus pentac iloride (300 mg) for 10 n then filtered through alumina. Ev 
oil (V) which could not be crystallized 1 whose I.R. spectrum did not show 
characteristic of an —-OH group, a disubstitut ble bond or a chloro-comp 
of V (184 mg) in acetic acid (18 ml) yielded acetone, isolated as its 2,4-dinitrophen ii 
m { IR ) t 174¢ (in CCI) 
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Isolation in the usual manner afforded II (15 mg), m.p. 84-85 
Catalytic hydrogenation of Il gave 8«,13-oxidolabdane, 


diethylene glycol (5 ml) for 15 hr 
undepressed with an authentic specimen 
0-8), identical with a specimen prepared by the usual Wolff-Kishner 


m.p. 19-21 [«}; 12° 


reduction of either VII or | 
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ARYL TELLURIUM TRIHALIDES—II 


CONDENSATION REACTION WITH METHYLKETONES AND 
AROMATIC COMPOUNDS CONTAINING ELECTRON-REPELLING 
GROUPS 


N. 


Departamento de Quimica da Faculdade de Filosofia, Ciéncias 


PETRAGNANI* 


e Letras da Universidade de 8S. Paulo—Brasil 


(Received 30 June 1960) 


Abstract— Aryl tellurium trichlorides and tribromides undergo condensation reactions with acetone, 
acetophenone, N-dimethylaniline and resorcinol, giving rise to aryl tellurium dihalides. Aryl tellurium 
trnodides are not reactive rhe dihalides derived irom N-dimett yYianiine and res rcinol indergo 
ionic interchange reactions with halide ions. When treated with reduc ng agents the dihalides derived 
from N-dimethylaniline are reduced to the correspond ng tellurides, while the other dihal des are 


cleaved to the diaryl-ditellurides 


It is known that aromatic selenenyl halides and pseudo-halides react with methyl- 
ketones and with aromatic compounds containing electron-repelling groups giving 
rise to selenides.' It has been shown that several aryl tellurium trichlorides (I: 
X = Cl)** and some tribromides (I: X Br)* react similarly, producing with 
acetone, acetophenone, N-dimethylaniline and resorcinol, aryl acetonyl tellurium 
dihalides (III), aryl phenacyl tellurium dihalides (V), aryl-p-dimethylaminophenyl 


tellurium dihalides (VII) and aryl-2,4-dihydroxyphenyl-tellurium dihalides (1X) 


respectiy ely 
Only one of the halogen atoms of the trihalides is replaceable by an organic group, 
ides formulated below are 


since, with excess of reagents II, IV, VI or VIII only diha 


obtained 


TeCH.COCH.+HX 


TeX.+ CH.COCH 


These condensation reactions take place less readily with the aryl tellurium 
tribromides, and in the case of the corresponding triiodides (I : X = 1)* no tellurium 
diiodides are obtained. 

The greater reactivity of the aryl trichlorides as compared with the corresponding 


tribromides and triiodides is probably due to a decrease in the electrophilic character 


* Present Address: Escola Politécnica da U.S.P. Praca Cel. Fernando Prestes 74, Sao Paulo—Brasil 


The experimental part of this work was executed in 1954, being part of the thesis oriented by the late Prof 

H. Rhe 
' H. Rheinboldt and M 
O. Behagel and Myller, Ber. Disch. Chem. Ges. 68, 1549 (1935) 
2G. T. Morgan and R. E. Kellett, J. Chem. Soc. 1080 (1926) 

+L. Reichel and E. Kirschbaum, Liebigs Ann. 523, 222 (1936) 

N. Petragnani, Tetrahedron 11, 15 (1960) 

*G. T. Morgan and H. D. K. Drew, J. Chem. Soc. 2307 (1925) 

* H. O. K. Drew, J. Chem. Soc. 223 (1926). 


inboldt 


Perrier, Bl. [5] 17, 248, 249, 250, 251, 252, 759 (1950); 20, 264, 379, 485-488 (1953) 
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4 
x x 
R=CH.,CoH, X=Cl 
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of the positive fragment (ArTeX,)°, when bromine or iodine are substituted for 


chlorine. The reactivity of the aryl tellurium trihalides also decreases when the 


R C,H,) is substituted for the alcoxy group (I: R CH, or 


phenoxy group (I 
C,H,;). On the other hand, the aromatic reagents VI and VIII react readily and these 


reactions can be performed with aryl tellurium tribromides without difficulty, whereas 
the methylketones (II and IV), in the majority of the cases do not react with the 


drastic conditions lead to the forma 


tribromides under normal conditions and more 


tion of bromoacetone o1 phenacyl bromide and tarry products 
in wi it was found that VII 


lurium oxohalides (X1)*:' 


Studying the behaviour he tellurium dihalides 


and [IX are stable. but Ill and V are | 


i Ihe formation o not understood 


and halogenoketone (XII) 


i 


water) underges 
cliurium Gicniol 


trated aqueous 


duodides are 


Quimica 


m 
’ 
is Te 
R 
A 
x e A 
The aryl telluriu O ype Vil and IX (stable in 
interchange with other halide tons. When aryl-2,4-dihydroxyphe 
ides (IX) are trea excess of hydrot acid OF CONC() 
solutions of potassium iodide, the corresponding dibromides and 
b 
ovtaincd 
~ 
N. Petragnani and G. \ Universidade Sao Paulo, | ude Filosofia, Cié ¢ Letras, Sa 
No 
a 


Aryl tellurium trihalides—Il 


Aryl-p-dimethylaminophenyl tellurium dichlorides (VII) react only with hydro- 
bromic acid, forming the corresponding dibromides: 


X = Br,I) 


In reduction of tellurium dichloride (III, V, VII, LX), for the purpose of obtaining 


tellurides. it was found that aryl acetonyl (II), aryl phenacyl (V), aryl-2,4-dihydroxy- 


pheny! tellurium dichlorides (IX) undergo decomposition, forming diaryl ditellurides 


(X111).2-*8 Only aryl p-dimethylaminopheny! tellurium (VII) are normally reduced 


to the corresponding irvl p-dimethylaminopheny! tellurides (XIV) 
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Te OH +2x RO 
O 
: 
(x 
R ° 
B = 
1} rvi p-dil Viamimnopneny tellurium di rdides (Vil xX 1) ay oc pre 
ley thulam } telly 
7 nared by the addition of iodine to the aryl p-dimethylaminopheny! telluride (XIV). 
> RC TeTe OR 
x 
> 
> 
i 
\ ndensation of Trihalides { 
{cetor te ” 
{ j Met e (0-34 ¢ 
0-001 pO! 
(30.70 mn 137-148 } | le. 35°15 ( c. tor le ; ) 
lL. Reichel and E. Kirschbaur Ber. Disch. Chem. Ges. 76, 1105 (1943 
= 


N_ Perrac 


needles 


renoxypheny! ditelluride (m.p 


p-Dimethylaminophenyl aryl t 1 dihalides (V1) 


p- Dimethylaminopher thoxyphenyl-) tellurium dichloride p-Methoxyphenyl tellurium 


trichloride (0-34 ¢; 0-001 mole) intimately mixed with 0-36 g (0-003 mole) N-dimethylaniline 


‘ 


= : 

” Vie) rie prepared (yield 75 ) crystallized fron 
benzen pet ct $0.70 colourk cedies, m.p. 134-135". (Found: Te, 34-00; Calc. for 
: C,H, O11 I 13-87 

I: R CH,, C.H,, C.H,) were recovered red 
HH \ } tex 
\ | | vas 
{) 
B ( fj 
4 | 
4 
| »9-) Calc. for C, H,O.CLTe: Te 
> 
»9-08 
ct } 4 I 8: Calc. f Te 
CH, OW 24-84 
p OX envi t n tribromide and the aryl tellurium 
Hyd tic le after several hours treatment with 
xocnk 235 cy le (recognized Dy $ irritating smell) 
Redu lo by reduction of p-phenacyl-p- methoxy 
chlorofor hyd Cryst ed from pet ether (30-SO0°) in red-green EE, m.p 
SO-60) » 
55-55") ) may de prepared trom the corresponding dihalides 
(C) The Condensation of Trihalides with N- Dimethylaniline : 


Aryl tellurium trihalides—lIl 


evolution of heat and a transient bluish-green colour. After 24 hr the mixture was extracted 


0-32 ¢ 


several times with methano yellow crystallin du the dichloride 


leavir 
The con } rystalliz t n 101 or benzene and methanol in yellow prisms 
iwith dec) nd 4 . il or H Te, 29 

Dirme ime , thoxypheny-) dich , viel ) similarly prepared 


llow needles 29-28: Calc. for 


with the 


p- Dimethylaminophenyl ar) irides 
p- Dimethylaminophen yi-(p-me thoxyphenyl-)telluride. p-Dimethylamino phenyl-(p-methoxyphenyl-) 
tellurium dichloride (0-42 ¢; 0-001 mole) was added to 


+62 (0-015 mole) hydrated sodium 


crystallized from me 
( OCLN T 
p- tellurium dibromide (yield ) semilarly prepared 
crvsta d trom benzene methanol in ve w-Orange prisms, Mm.p 183-184 (with dec). (Found 
Te. 24-81: Calc. for C,.H,-OBr.N Te Te, 24-79") 
‘ail p- Dimett henyl-t hoxvphenyl-) um dibromide 0-48 ¢ (0-001 mole) p-ethoxypheny! 
- tellurium tribromide was xed with 0:36 ¢ (0-003 n ) N-dimethy ne ppearance of a 
. : tra nt t h-green colour After 24 hr the mixture wv xtracted witl yenzene and the 
xt t treated with pet cther, and siowly evaporated the ope ! Phe dibs le crysta ed in 
range needles, 0-26 g (yield: 49°.) m.p. 121-123° (with dec). (Found: Te, 24:27; Calc. for C,H), 
OBr,N 1 Te, 24:13°,) 
Dir rviamir j { wium dichloride A so of 0-40 2 (0-001 mole) 
xypheny!l t n trichloride 0-36 (0-00 N-dimethy! 15 cc benzene was 
illov tand for 24 | room temp. Conc m caused n of the 
vel crystalline dic ride, 0-20 g (yield: 41 Crystallized fre benzene d met yellow 
edles, m.p. 194-195 h dec). (Found: Te, 26-20; Calc. for Cy>H,,OCI,N Te: Te, 26°15%) 
n- Dimer! ” »/ ” A « f 0-55 (0-001 mole) 
phe \ tril 0-003 1 le) N-dimethy Sc rene 
was a ved ind She By " 4 precipitated 
produc n the hitters ol range eedies ol 
the « cw b SS—1SY ec) (A t 
hr xt R CH,, C,H N-dimetl ine 
‘ 0-001 0-003 mole) tr ed ‘ irt triiodide Ry | ng 
the mixtures at 60° for slack o ere ol 
p-D xyphe lic 0-42 0-001 was mixed 
rf ne 
ne iad ,in A ve ww co ) we rsed 
formed This w th 10 cc 
per the We 0-19 (Yic tive (rv ed from 
he ‘ unk vet ether ) ra eC ) 1ec M with the 
aids prepared Dy ition reacti« Vas depressed) (Fou ic. Tor 
,OBr,N T Te 
Similar reactions perto ned HE purpose of preparing the corresponding duodides fatlec 
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Ihe telluride, a yellow 
100 and rect illized 


Te, 


li-p-ethoxypheny! ditellu p ind di-p-phenoxypheny! ditelluride (m p 


were obtained from th por i dihalides 


* 

“a sulphide at 100 and the mixture maintained at this temp for 10 to 15 min ae 
orange oil solidific fte of the re with iter 0 1< eld 
from ethanol in colourless needles m.p. 96-97 (Found Te, 36°04: Calc. for C,,H,-ON Te |_| 7. 
: By this same procedure the p-cthoxy- and p-phenoxy- derivatives were prep red ; pe . 
p- Dimethylan henyl-) 1 rich (Yield: 100°.) crystallized from ethanol in : 
colour eedles p. 126-12 I Te, 34°59: Calc. for C,,H,,ON Te: Te, 34°59 : 
Dimet! ” henyldn envyl-) 1 wide. (Yield 00°.) crystallized from ethanol in 
colour ecdlc p. 75-5 Te, 30°58; Calc. for C,,H,,ON Te: Te, 30°60°,) 

Din ” ce-cooled solution of 0-35 ¢ 

an e& \ f prec red 

d 0-60 ( ) ret (50-70 lark needles 

} | 7107: ( H,-OLN Te le. 20-96 ) 
CoH, of 
D y 00 i fro 
Cak H,.OLN T ? 
, 
| 
24-D f 
‘ ( ( ) eSS 
\ { crysta ed from 
eth t< p. 189 ec le, 29-72: Cak 
for C,,H,,0.4 »9 
24-1 61 ) cry rom 
ethe ) p. ec). (Found le, 26°74: Calc. for 
24-D ), crysta ed [rom ether 
1 | 7 SU Cc) (A VSIS yw) 
2.4-D y 1: 28°.) cryst ror ther 
P 
> 
24-D XVI x) enyl) te dichk e trea vilh excess of 
hvd ted ca or ip ic n chloroform, hydra ine suipnate 

: formed di-p-methoxyp! yi diteliluride, crystallized from pet ether (30-50) in red-green needles, 


Aryl tellurium trihalides—Il 


4- Dihydrox yphenyl aryl tellurium dibromides and diiodides from the corresponding dichlorides 


2,.4-Dihydrox Vy} henyl-(p-methox yphenyl-) tellurium dibromide. A solution of 0-41 g (0-001 mole) 
2,4-dihydroxyphenyl-(p-methoxyph« nyl-) telluriu dichloride in a smal! volume of 
treated with excess 40°, hydrobromic acid. The yellow precipitate of the dibromide was se parated by 
filtration, washed with dil 
ether and pet ether (50-70) in yellow needles, m.p 179-180° (with dec). Mixed m.p. with the dibrom- 


hydrobromic acid and dried, 0-50 ¢ (yield: 100°,) allized from 


ide prepared by condensation reaction was not depressed. (Found: Te, 25-30; Calc. for C,;H,,O,Br, 


Te Te, 25-33 ) 


2,4-Dihydroxyphenyl(p-methoxyphenyl-) tellurium diiodide. This was similarly prepared by adding 


I 


an excess of aqueou 


lor 24 hr (yie 


temp at 0 5 irated ; ze! te wh solidified after standu 
Crystallized from ether and pet « 5 I | prism, m.p. 130° (with dec). (Found 


Calc. for C,,H,.O,] 


| 


tives were prepared 


Similarly the p-et - and p-phenoxy- deriva 
ienyl- lib tid (Yield 100°,), crystallized from 
ether and] her (50-7 in yellow pla I ' l vith d Mixed m.p. with the dibromide 
action wa lepressec (Found lc. for C,,H,,O,Br. Te 


by condensation 


vphen in na did (Yield 100 


O.Br,.Te 
2,4-Dihydroxyphen\ 


ether and pet ether (50—70 


C,.H,,O,1. Te: Te, 19°34 
2,4-Diacetoxyphen) 


phenyl-) tell 


conc sulphu , dropwise 


with stirring 
caused 1 


(50-70 


ized irom 


denzene al (Found Calc. for 


C,,.H,.0,Cl, 
2 4-Diacetoxyy (p-phenoxyphenyl-) tellurium dichloride. (Yield: 100 crystallized from 


rless 1 Lp d ( und: Te, 22-33%; Calc. for C..H,,O; 


COIOUTIR 


t et} 


denzene and pete 


Cc} 


225 
d: 100%) 
Te, 21-33 
‘ Te, ) 
2,4- Dihydrox§X crystallized from ether 
and pet ether (S0—70°) in orange needles, m.p. 105° (with dec) or orange plates, m.p. 132° (with dec) or 
red prisms, m.p. 127° (with dec). (Founc Te, 20-80; Calc. for C,,H,,0O,1.Te: Te, 20°86°%,) 
2,4- Dihydroxyphenyl-p-phenoxyphenyl-) tellurium dibromide. (Yield: 100%,), crystallized from 
ether and pet ether (5S0-70°) in yellow prism, m.p. 181-182° (with dec). (Found: Te, 22°52; Calc for 
C,,| 56°) 
p-phenoxyphenyi-) teiiurium duodide (Yield 100°.) crystallized from 
Re ) in red needles, m.p. 122-124 (with dec). (Found: Te, 19°00: Calc. for j 
) 
um dichloride (X) 
tellurium dichloride p-methoxy- 
e mixture an ic The dic € SC] | yn 
e product to separate as ar ) 0-22 e(vield: 88°.). Crystallized from benzene and 
pet ether HMB’) in colourless prisms, m.p. 166-167". (Found: Te 25-61; Calc. for C,;H,O;Cl, Te: , 
Te, 25-58%). 
f Similarly the p-ethoxy- and p-phenoxy- derivatives were prepared 
Te: Te, 22°/3 4) 
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; BE Investigation of several routes to fluoro-carbohy tes and sugar phosphates has shown 
lormatio ol | ethers OCCUT certa 
tion of anhydro sugars in the attempted 
eported.' We have been interested in tl 
o-carbohydrates, and in both cases w 
fere with these syntheses. Furthermo 
lation in the Nya ivsis ©) CCTtlall 2-nva;©re 
npound usually hydrolyses with formation of cyc / 
: } lowing synthetic methods were amongs those ¢ { 
act on of potassiun flu ride upon sulph¢ vl XV Ger 
hydrins. MM the action of acid fluorides, hydrogen fluoride’ 3 
* Sor of this work has been presented in part fulfilment of the requirements for the Fc ctC“(‘éitséCS 
Dut 160 
‘w.G.o S. Brooks, Chem. & Ind. 471 (1960). W k Professor Overend nica 
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terminal mesyloxy* residues* and since this work began Taylor ef a/.* have reported 
some similar experiments. The few recorded attempts to introduce secondary fluorine 


atoms by method one were unsuccessful.’’ As far as the authors are aware the action 


of potassium fluoride upon sugar halohydrins has not been examined, although silver 
ll 


fluoride has been used with varying success.”* Silver diaryl phosphates have been re- 


acted with sugar halides successfully on several occasions.£ The action of diaryl 


phosphoric acids upon epoxides has also been described,” but no investigation of the 


action of acid fluorides upon sugar epoxides has been reported. 


Whilst we successfully synthesized several primary fluoro-sugars, including some 


previously known 6-deoxy-6-fluoro glucose® and galactose® derivatives, by method one, 


when we treated methyl-6-O-tosyl-x-p-glucoside with excess potassium fluoride in 


methanol we obtained material free from sulphur and fluorine; this was shown by its 


properties and by comparison with authentic material to be methyl-3,6-anhydro-«-p- 


glucoside (1). Likewise when methyl-2,3-di-O-mesyl-4,6-O-benzylidene-x-p-glucoside 


(Il) was treated at 200° with potassium fluoride in ethylene glycol, some methyl-2,3- 


anhydro-4,6-¢ )-benzylidene-«-D-alloside (111) was obtained from the reaction mixture, 


together with unchanged starting material. In addition some loss of protecting groups 


occurred, as was indicated by the production of benzaldehyde and a little material 
which analysed correctly for a monofluoro methyl-«-p-hexoside. When potassium 


fluoride acted upon methyl-2,3-di-O-tosyl-4,6-O-benzylidene-x-D-glucoside (IV) and 


methyl-3-O-mesyl-4,6-O-benzylidene-x-D-glucoside (V) under similar conditions the 


epoxide (III) was in each case identified amongst the products. Incontrast, the treat- 


ucofuranose with potassium fluor- 


ment of 


ide, and of 1,2,3,6-tetra-O-acetyl-4-O-mesyl-/-p-glucose’ with either potassium fluor- 


ide or sodium iodide under such severe conditions gave unsaturated materials. the 


structure of which will form the subject of a separate communication. 


The replacement of other halogens by fluorine and by the diaryl phosphate group 


has been readily accomplished using the potassium* and silver*® salts respectively. 
We have investigated the action of these reagents upon some sugar halohydrins. Whilst 
silver fluoride reacted anomalously with several primary halo-sugars,™ we obtained a 


low yield of 1,2:3,4-di-( (VI),* from the 


6-deoxy-6-iodo derivative (VII).° by treatment with potassium fluoride. No action 


was observed when sodium fluoride was used. The solubility of the reagents in the 


solvent used may be a factor here." 


When, however, the following compounds were treated with potassium fluoride, 


* Mesyl and tosyl are used here as abbreviations fi sulphonyl and p-toluenesulphony 


spectively 


* B. Helferich and A. Gniitchel, B Dtsch. Chem. Ge 74, 1035 (1941 B. He rich and N. Vock, /bid 
74, 1807 (1941) 
ind P 


irymond, J. Amer. Chem. Soc. 70, 2785 (1948); K. Freudenberg, Ber. Dtsch. Chem *s. 59, 100 


D. Bergmann and T. Blank, J. Chem. Soc. 3786 (1953) 


BH ch and M. Vock Ber. Dtsch. Che Ge 4, 1941); F. H. Newth and L. F. Wiggins, J. Z 
Chem. S 1734 (1950): P. W. Kent. O. Farmer and N. I Tavk Pr Chem. S 187 (1959) 
" K. Brauns, J. Amer. Chem. S 45, 833 (1923): B. Helferic nd E. Himmen, Ber. D h. Chem. Ges. 61, 
1825 (1928); K. Hess, O. Litt r ind R. Pfleg J rs Ann. 507, 55 (1933 B. Helferich and : 
R. Gootz, Ber. Disch. Chem. Ges. 62, 2505 (1929): 
2K. Freudenberg and B. Iv Ber. Dtsch. Chem. Ges. 55, 929 (1922) 
3B. Helferich and A. Gniitch« Ber. Dtsch. Chem. G 74, 1035 (1941) 
4 of. B. Helferich and E. Himmen, Ber. Dtsch. Chem. Ges. 61, 1825 (1928); K. Hess, O. Littmann and R. i 
Pfleger, Liebigs Ann. 507, 55 (1933) 
(1926) 7 
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phosphate, or silver dibenzyl phosphate, but the only sugar deri 


methyl-3.6-anhydro-z-b-glucoside (1). 
The strong tendency for hydrogen-bon shown 
(leading to the alkaline reaction of sol 


nucleopl 


Vily. I 


999 


vative isolated was 
by fluoride ions'”* 
ind the low 
iencing the 
factors will 
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ind in the 


DY this 
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Ce Mic character of these ions'’’ are probably important fa 
course of those reactions above which involve potassium fluorid 
G favour competition by suitable ions en these are present i 
sterically of t ydro) oO! no dc pe on | 
internal alkoy to the more ick b e fluoride 
| ' ] 0 we ) ‘ 
tahilitv o Aner lic y y Col ler since a d 
sid cat rec onditiol C nnyaro 
| | ts 
i { \ yu] 
ilw; ‘ or ‘ ad ] ‘ ent found 
X11) X11 tig t. Dy ydrogen 
fluorides an aes ) e um des (111) and 
and met ; ydro-z-pD-alloside (X VIII) were ong eaction 
but so far we have not proved conc ly the structure yur fluoro com- 
pound 
The alkaline natur | the reagent probably important in ction of potassium 
fluoride upon the 6-sub ted et oluti the stable 
conformation of these compounds will | wn, (XIX),™ and nor replacements 
W. k 1 N. FY ( 
|. B. Hink 67, LH 2.4 48): J. 
Bac Cc. W. B 1. Ho P. ( 70, 2653 
1948 } W. Hoff ( 70 ® \ SSSR 
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le, C. K. Ing Organic Press, New 
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J. An 72, 1499 (19 1 ( 6, 108 (1951): J. T. Edward 
Che & Ind. 1102 (1955) 
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favoured separation 
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is sStrongiyv tavourced 
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extracts 


yo = under reduced press to dryness. The white residue was extracted with boiling acetone and {=== 
i 
— were cooled and filtered. The t was re ed at the pump and the syrupy 1 e was examined 
j by chromatoer: p r N butanol-et r(4:1:5 y) 
snd deve oe ride 100° for It et not« with 
R, 0-51 1 Aut ir cosice R, Os these 
‘ +} 
ib) 1 ‘ 
) I he 
it 
WW r 
‘ 
At {) i] 
cme ‘ j ‘ ‘ M4 ‘ H 
\ 
H, 7 ( Ox! 
M Z 0 j 
‘ L460 
presse 
4) Met yi/-4.6-0-/ \ 
Methvl-3-O-me 1 6-O-bx Rect 
ne mir d at 745. 880. 0 TR. 1012 1073 sO 
The Act of Pota wn Flu le upon Hig ren Compout ; 
(1) 1.2:3.4-Di-O-isopr lidene-6-deox y-¢ ila e (V1) 
(ec, 0-6239 in CHC! cet e (5 cont pot n fi le (1°8 vas heated under : 
reflux for 96 hr. The cooled s J “A poure ‘ tc 100 1 the uc xture was 
chloroform (5 mi) I he present was deter ed ag corresponded to 
95 replacement. The chloroformic extract was dried and reduced to a syrup at the 
L. N. Owen and F. Smith, J. Chem. Soc. 88 (1941) 
60 (1955) 
udson, J. Amer. Chem. Soc., 63, 1727 (1941) 
Soc. 3577 (1959) 
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gum. Passage throug! ca column gave an ¢ 0-1 g) which contained fluorine but not iodine, (coe 
ch showed a stu peak fra-red absorpt spect 1050 cn ( F stretc g’) 
bsiduarv peak 1010. 1027. 1110. and 1155<¢ 4467 0-973 1 
i 1475, | 1-284 CHCI,) for 1,2:3,4-di-O- 
lidene-6-deoxy-6-fluoro actose 
(2) trans-2-lodocyclohe (VIE) 
(a) This comp (4 p. 38-40 i potas luoride (8 etha $0 ml) were 
: heated at 8O for 30 The xl was c te et re | tne 
filts t the p P ether was 1c 20 n € COK for 3 hr \ : 
sn ymou 2 j ex (Vill epar The s ere d pets 
etner removed I ine p np cd | et tf 
3) ff ‘ 
be | , 
48 hu I he ep ced 
m.p. 188 x) d as 
(4) 4-B nol 
tetranva | 
(5S) Mf y/-2-hromo-2 16-0 
Me 2-b o-2-deoxy-4,6-O-be +9 
; (c, 0-250 in CHC ) R e heated unde 
ext Ihe ep the te 
720, 745, 880, 89 O12 $0 « ( H 27. Calc. f 
C,,H,.0,: C. 63-6: H, 60 
(6) Methyl-3-bromo-3 16.0 XII 
Nic 1-3-bre t-dleor 1 6-()-he enc 3 10-123 
ic.0-4 < ‘ cate der reflux 
for l2 hr. The solve cy er ke re roform (St dl 
G.I. R C.F. H.R. Re dp. P 
28. 4 
A L.R Soc. 70, 2785 48 
G C.G.¢ R. HLH A 62, 3342 40): N. F. Tavlo 
Ww. Ro ( 195 
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: chloroform (4 8 ml). The combined chloroformic extracts were dried over sodium sulphate and 
a a evaporated at the pump. The so‘id residue was recryst ed from c roform—pet ether giving long 
colourless needles np. 140-14 raised imixture 1uthe c methyl-2.3-a ydro-4,6-O- 
benzvlidene-x-D-n side 110 0-95 CH¢ F i: C, 62:3; H, 5-93. Calc. for 
2C,,H,.0;'H,O: C, 61:5; H, 6-27. Calc. for C,,H,O;: C, 63-6; H, 6-0 
7) Methyl-6-deoxy-t le (XI 
Met! n 37 39 0-5 is eale Tux in dry 
1) Sta ter ) | eve sed le -3 6- 
CVC en te (4 ¢ +0 ere 
(>) 4. Bron 
\s 
Cale efl Anes 24 ere eT i C 
The svruy ) ethyl acetate 
(1) We Xl 
residue were SUCCESS 45° ic, 
*G. J. Rob c. F. « ff Chi 35 
M. Z R. ¢ H k { 67. i< | R S Pat. 2.365.77¢ 
Dec. Jf +4 ( 9. $454 
T. Post B ( 180. 1269 (1949 
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(2) (X11) 


This compound (0-4 g) and silver phosphate (0 38 g) in acetonitrile (10 ml) were heated under 
f nd the solvent removed at the pump The sy rupy 


reflux for 15 hr he cooled solutior 


residue was dissolved in chloroform (25 ml) and the chloroform solution was washed with water 


" 
Was 


(20 ml). 7 hloroform so to small volume (10 ml) at the pump 
Petroleu € at room temp for 24 hr. As no crystals 
separ it room temp for several days. Methyl-2,3- 
anhvdro-4,6-O-be vii llosid para as long need] p. 190-192”, raised an admixture 
we peaks in its fra-red absorption 

spectrum at 1230 cm 


4-D-altroside 


phos- 
olution 


ate (10 ml) 


7ene 


(0-6 ¢) was heated 
(50 ml) 
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tributylamine di(hydrogen fluoride), and 


diisopropylamine x with the oxides (II1) and (XVII) in inert 


solvents. In most cases stat 


fluor ide “por ydro-4,6-O-benz ylidene-x-b-alloside 


{ction of hydrogen 
In a further series of experiments hydrogen fluoride was reacted with (IID. No appreciable 


reaction occurred below 40 


*1 Ww. C. Lossen and A. Kohler, Lieb 62, 212 (1891) 


The action of sil henzyl phosphate upon 
(XII) 
Methyl-2-bromo-2-deoxy-4,6-O-benzylidene alts e (XII) (O15 ge) a 
phate 0-15 ¢ benzene e(5 ) we eated under reflux for 6:3 hr. The 
was coole ed, a the rat she hydrogen carbon 
and ter (5 t er re ed press. The rupy residue was passed 
thr t char syru] whic luced to crystallize only : 
vit thc AY | > 3 cic 10 was or ca a eedles, 
m.p. 188-190 epresse ‘ tc 125° (c, 0-04 in CHCI,), 
infra-red spectr entica 
] eH f Some Diaryl H P hate 
(1) +.6-() ‘ pi j 
Attempts to p pl cK e met of Todd led always to 
partial dec er. Thet expe;rime iS Carried out ing the crude syrupy 
este (1 lef rey tant 
The crude ester (1 t-but 2 m (0-8 g) was heated under reflux for : 
SO; Carb ed thr ed ind the vas removed at the 
pump. The se ; c ¢ extracte wit evel ts of hot chlorofor ind the combined 
extracts were eT Sodl ic The was re over t the 
pump { the svrupy due trit ed { ( The sen lid vas crystallized from : 
chlorofor pet ethe fter several recrystal tions crude met! a hydro-4,6-O-benzylidene- 
le (111) was obt ed (381 p. 175-180 Recry ization from 
: petroleum ether gave needles, m.p. 185 187 raised on admixture with authentic material, || 
108° (c. 0-08 in 
; (2) Dibenzyl trans-2-hydroxycyclohexyl phosphate* 
This compound (m.p. 77-78"; 1:8 g) in t-butanol (20 ml) containing sodium 
under reflux for 0-5 | The sol n was steam distilled and the first fraction of t 
was Cc ected vas added to olume pt S mi and iliquots of 
were titrated with sodium thiosulphate Cyclohexene oxide (4 2”,) was pr! 
tine material was recovered unchanged 


Sugar esters 


Methyl-2,3-anhy dro-4,6-O-benzylidene-«-p-alloside (IIT) (1-2 g) in anhydrous acetylacetone (120 


ml) containing 20 N hydrofluoric acid (3 ml) was kept at 40-50 for 5 davs. Excess acid was then 


removed with calcium carbonate and the mixture was filtered. The residue was washed with acetone 


and the combined filtrate and washings were evaporated to dryness under reduced press The syrupy 


residue was triturated with pet ether and the syrup which remained was passed through a column of 
silica gel. Successive elution with chloroform—pet ether (80—100°) (1:5, 2:5, 3:5) followed by chloro- 
form-ethanol mixtures gave four main fractions 

Fraction one, colourless syrup, contained fluorine, showed peaks in the ultra-violet spectrum with 
j®*08 9600 A, and absorption peaks in the infra-red at 1050 (s), 835, 900, 1033, 1075 1105, 1135, and 
1190 + 51° in (CHCI,) 

Fraction two, syrup, contained fluorine, showed absorption peaks at 2600 A (ultra-violet) and 1055 
(s). 895, 965, 1025, 1045, 1070, 1100, and 1133 cn (infra-re 
with dil aqueous acid, [2 10° (in CHC1,) 


Fraction Ol al luorine 


aldehyde on treatment 


d), released benz 


c 


aqucous acid, 
showed no peak in the ultra-violet above 2200 A, but showed peaks in the infra-red at 745, 835, 892, 
905, 960, 980, 107 


1055 cm m 


Wesley Cocker for his 


4 

235 
107-109", 151° in me Roberts¢ p. 105-1 

153 in methanol for met! 2.3 nhnvare alloside. ) 
The identity of these ! tions. and of some similar materials from the anhydro-mannoside, 
(XVII), are under investigati 
icknowledzements—The authors wish to express their ks to Professor 
; interest in this work, and to Mr. E. R. Stuart for meas ent of e infra-red spectra. 
‘2G. J. Robertson, J. Chem. Soc. Ci $72 (1938 
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give a 


compound (II) under conditions similar to those described previously* to 
29 ner cent vield of |-acet (2'-acetamido-3' : 4’: 
sidoxy)-5-bromoindole \ h was deacetylated with sodium methoxide to give the 


S‘-brom nd similar 


irom 
irom 


were 


con ms the correspond p-glucoside and 
the ective acct irs, Dut attempts to 
acetodr ‘ o-met te” under a variety of conditions 
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as above and 

xy-3-<carboxy 
le), 206-2 ethanol) (Found: C, 563 
CH,OH requires 


The penta-acetate (1-0 g) was suspende dry ol (50 N sodium methoxide 
xv)-S-by 46-24 —424 0-2 C, 466; H 
Ace i\ ea 40 
vi j ra) 175_.17% 
cry 
(Found: ¢ “49: H.4 H is: H 4-3: N 
ONRB ( j H. 43: N 
iil cd g) 
ex . " VC 7 
‘ 
cry ‘ 4 ‘ oO 
deo yf 2” 19? f » 129 
[a } ( H, 5-1 40: C,H, OO. NA es: C, 
H, 5 N, 41 
I tetra-a VI) (O08 ed iry N sod methoxide 
etl e } loxy) irboxy 
i (Found: C, 57:8; H 2; N, 50; C,,H,,O,N,Ci reg s: C, 578; H, 5-2; N, 50%) 
Naphthalene-2 »-valactosidox y-3-carboxy-4(2 limethoxy-4 -chloro-anilide) 
Acctobr rala condensed as for (VI) w e naphthol ce tive (111) to give a 70°, 
yield ol phthalene-2-(2 :6'-tetra-O tvl p-galact lon >” -§" .dimethoxy-4”*- 
chk inilice p. | 
recrysta ed trom metha 
(2° :5°-dimethoxy-4"-chloro-ani 
H, 5-4; N, 2-5: C..H..O,NCI 
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glucuronidoxy methyl ester)-3-carboxy-(2° p. 154-155", [a]? 
1 yield ) hoxy-4 pn. 212 
4.4 
H 4 2 
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THE STEREOCHEMISTRY OF LYCORANE— II 
3-LYCORANI 
KATSUMI KOTERA 


ry, Shionos 1 ¢ 


Abstract Hyd 


eceding paper’, we reported the pr ation o )x-lycorane (V), which has 
the same contig | structure as th 1g system of dihydrolycorine (VII) o1 


x-dihydrocaranine (ill 


The author next turned to the synthesis of the lycoranes having a /-configuration 


at ¢ hvdroget 
As the starting material for this purpose, /-dihydrocaranine (11), another hydro- 
genation product of caranine (1V). was first considered the most suitable 
Part i: K. Takeda, K. K 
| yf 
*K 


: Tetrahedr 1961, ' 12. pp. 24 247. Pergamon Press, Inc. P N ern Irela ee. 
Research Laboratdi Eo. Ltd., Osaka, Japan 
ES § 2 on of diacetyllycorine (1b) was fou to be tl t effec ute for co 
version of lycorine ) ocara e (il). Hau reduc 1-deoxy di 
4 
car ye A proc rp i e (V) fro | -O-ace 2-one (XIV) 
was SO WOTKC( 
 ). 
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Since, however, caranine has not yet been isolated from the bulbs of Lycoris 
Radiata Herb., our sole natural source for obtaining the Amaryllidaceae alkaloids, it 
appeared at first very tedious to secure an amount of /-dihydrocaranine sufficient for 
the present work through the conversion of lycorine (la) into caranine and subsequent 
hydrogenation by the method reported earlier. The author has, however, found a 
convenient procedure for the preparation of }-dihydrocaranine as follows. Hydro- 
genation of diacetyllycorine (Ib) with palladium—carbon in ethanol in the presence 
of a small amount of aqueous ammonia, followed by alkaline hydrolysis and chroma- 


tography, yielded /-dihydrocaranine in about 10 per cent yield along with small 


amounts of x-dihydrocaranine, caranine and (— )z-lycorane. Although the mechanism 


of this reduction may be complicated, it would be certain that caranine was a main 
intermediate formed by hydrogenolysis of the acetoxyl group allylic to the double 
bond in diacetyllycorine. Supporting this view, we have isolated, in a series of 
hydrogenation experiments carried out under a variety of conditions, caranine 
invariably as a by-product and in general its yields were inversely proportional to 
those of #-dihydrocaranine. Although convincing evidence for the formation of 


ble to consider 


(—)x-lycorane as a by-product could not be obtained far, it IS possi 
that some portion of diacetyllycorine used was con e y hydrogenolysis and 
simultaneous migri f the double bond? into acetyl ‘aranine (VI) which 
immediately suffered furth limination of the sec yl group attached to C, 
followed by saturation of the double bond to give .-lycorane. It was shown 
previously that isocaranine gave on hydrogena z-dihydrocaranine, indicating that 
the hydrogen atom attacl i! aranine is «, like that in yx-lycorane.* It 


may be mentioned that 1 ntrast to the result obtained above, catalytic reduction of 


*K. Takeda, K. Kotera and S. Mizukami, . m c. 80. 2562 (1958) 
cf. W. G. Dauben and P. D. Hence, J. Ame lem , 2451 (1955 
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diacetyllycorine with Adams catalyst in acetic acid followed by alkaline hydrolysis 
afforded predominantly dihydrolycorine (VII), though (—)z-lycorane and a-dihydro- 


caranine but no /-dihydrocaranine were obtained in an extremely low yield. 


An approach to the lycorane derivative of the C,, /-series from /-dihydrocaranine 


was considered to be the oxidation of the hydroxyl group to a ketone and subsequent 
reduction of the carbonyl to a methylene group. Modified Oppenauer oxidation of 
B-dihydrocaranine using potassium t-butoxide and benzophenone furnished /- 
dihydrocaranone (VIII) 

Although this ketone had a sharp melting point at 159-161 and the crystals 
apparently were homogeneous, two spots were present in the paper chromatogram 
using butanol-acetic acid—water (10 : 1 : 5) as a solvent system. Furthermore, cata- 
lytic reduction of the ketone in acetic acid with Adams catalyst gave three isomeric 
IIR 


products compounds A, B, and C which had m.p. 164-165 (decomp) and 


217-218" (decomp), respectively, analysed for ¢ igt{,,O,N and characterized as the 
respective acetates, C,,H,,O,N, m.p. 196-197", 156-156°5° and 153-154". In this 
case, the ratio of the amount of compounds A, B and C isolated was | 1:3. 

One or two of the above three products were also obtained by other methods. 
Treatment of the ketone with lithium aluminium hydride or catalytic reduction with 
Adams catalyst in dry ethanol in the presence of sodium ethoxide gave compounds A 
and B, the isolated amount being in the ratio of 1-4:1 in the former case and 13:1 in 
the later case. However, treatment with sodium and ethanol gave only compound B. 
Of the three products, compound A was identical with #-dihydrocaranine, while 
compounds B and C were neither identical with this nor with «-dihydrocaranine 

Although attempted replacement of the hydroxyl group in these two compounds 
with hydrogen by treatment with thionyl chloride followed by lithium aluminium 
hydride or catalytic hydrogenation according to the procedure employed by Uyeo ef 
al.® was not successful, there is no doubt that compounds B and C are stereoisomeric 
to #-dihydrocaranine with respect to either C, or C,,,, or to both asymmetric centres. 
Since the author has isolated three compounds among the four theoretically possible 
isomers, at least either compound B or compound C must be epimeric to /-dihydro- 
caranine in respect to the asymmetric centre C,,,. Based on these discussions together 
with the chromatographic finding it is obvious that }-dihydrocaranone in solutions 
consisted of an equilibrium mixture of epimers, formed by keto-enol tautomerism. 

Conversion of the ketone into the thioketal’ (1X) and subsequent desulphurization 
gave in a 28 per cent over-all yield, a new lycorane, CjgH,gO,N, m.p. 72-73", [a]p 

143-3° which was also characterized as its hydrochloride, m.p. 273-274" (decomp), 
[x],, —95-9°. The base and its hydrochloride were in all respects distinctly different 
from (—)z-lycorane and its hydrochloride, respectively. As it is probable that this 
lycorane has the same configurations at all asymmetric centres as /-dihydrocaranine 
from the above mentioned experimental results, it was highly desirable to make clear 
the ambiguity as to its stereochemistry by making an approach to the same lycorane 
by another route which does not affect any symmetric centres in the molecule. 

First, an attempt to replace the hydroxyl group in /-dihydrocaranine by a chlorine 
atom using thionyl chloride was not successful, since the only isolatable product was 


®s. { yeo, W. C. Wildman, R. J. Highet and H M. Fales, J. Amer. Chem. Soc. 80, 2590 (1958) 
’ The paper chromatography of this thioketal in the same manner as that used in dihydrocaranone showed 
only one spot, differing from that of the parent ketone and indicated the thioketal probably to be homo- 


geneous 
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an oil which contained no chlorine atom and could not be induced to crystallize. The 
ultra-violet spectrum indicated that it contained $-anhydrodihydrocaranine. 

In contrast, 1-0-acetyl-f-dihydrolycorinone (XI) which was obtained from di- 
acetyllycorine in three steps and established to have the same configurations as 
p-dihydrocaranine at C,,,, Cy, and C,, by Nakagawa and Uyeo*, was found to be 
useful for the synthesis of /-lycorane, having the same configurations at C,,, C,,,, and 
C;;, as #-dihydrocaranine. Treatment of this with zinc dust in acetic anhydride 
according to the procedure used by Woodward? yielded 1-deoxy-/-dihydrolycorin-2- 
one (XII), m.p. 165-166". This was first converted into its thioketal (XIII) by treat- 
ment with ethanedithiol and boron fluoride—etherate and then subjected to desulphuri- 
zation by refluxing with Raney nickel in methanol. The product thus obtained, 
(—)p-lycorane, was in every respect identical with the above-mentioned lycorane. 

With the preparation of (—)-lycorane by a sequence of reactions in which there 
was less chance for involvement of asymmetric centres accomplished, it is now clear 
that (—)f-lycorane possesses the same configurations as )-dihydrocaranine so far as 
the ring system is concerned. 

(—)p-Lycorane was also obtained by the Clemmensen reduction of |-0-acetyl-j- 
dihydrolycorinone. Since, however, a small amount of an unsaturated compound 
seemed to be contaminated in the product, as in the case of 6-hydroxy-7-keto-1,12-p- 
10 ¢] — 


phenylenedodecane, ude product was hydrogenated to give pure )$-lycorane. 


It may be added here that when 1- yllycorin-2-one (XIV)® was reduced with 
zinc dust in acetic anh >and o-xylene, |-deoxyly in-2-one (XV) was obtained as 
expected. Hydrogenatior this with palladiur irbon in ethanol gave 1-deoxy-z- 
lihydrolycorin 


Will 


RIMENTAI 


spec men 
acetone), ider 


(b) With pall carbon in 95 thanol and ammonia. Diacetyllycorine (2 g) in 95° ethanol 


(200 ml) and 2 ammnx in hydrogen in the presence of 10%, palladium—carbon 


ind W. M. Maclamore, 


¥ points are uncorrectec niess otherwis tal l, the 
a Beckman del yxectrophotometer Alumina used for chromatography in this 
experiment was Merck's Reagent Grade s lardized according to the method of Brockmann. The 
infra-red spectra were determined with a Perkin-Elmer single-beam infra-red spectrophotometer, Model 
12C, or a Koken infra-red spectrophotometer, Model, DS 301 


of its thioketal (XVII) with Raney nickel. 
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Hydrogenation of diacet\ e (Ib) 
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the residue (140 mg) dissolved benzene a chromatographed over alun S¢). Elution with : 
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82-83 The infra-red spectrun carbon d phide solution was identical with that of an authentic p 
S| ition with 10:1 benzene ethanol gave dihydrocaranine (II1, 25 mg), prisms (from 
cal with an authentic specime p ed m.p. (168-169 nd inf ed spectrum 
* Y. Nakagawa and S. Uyeo, J. Chem. Soc. 3736 (1959) ; 
‘ * R. B. Woodward, F. Sondheimer, D. Taub, K. Heuslcr CE J. Amer. Chem. Soc. 74, ; 
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refluxed for 3 hr. The reaction mixture was evaporated to dryness under reduced press in nitrogen, 


and the residue was dissolved in water (10 ml) and extracted with re ft poration of the 


dried extract gave an oil lumina 


recry- 


ON He 


(5 g) Elution with be 10:1, 5 1,3 1) gave crude ind B (23 vnicn Was 
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Abstract— Hydrogenation of ini or anhvdrocaranine (VII) with Adams 
tion of aranone (XX) yielded (— )y-lycorane 


rh 


(XVII) ila nydrodihydrocar palladium—carbon in ethanol 
it ))-lycorane (X1LX) 


) lycorane which 


catalyst 


line th nfiewur 
me 


guration of dihydrolycorine 


ikeda and Kotera have advanced the stereostructure | or its 


mirror image fo hyd ne he B/C ring juncture is trans in this com- 


pound, was based on the fact that «-dihydrocaranine (1V) readily lost a molecule of 


water to give x-anhydrodihydrocaranine (V) presumably due to a trans elimination of 
the hydroxyl gi at ind the hydrogen atom located at C,,,. However, there was 


encountered an occasion if Nght be supposed to be cis-fused, since 


! Part Ii: K. Kotera, Tetrahedron 12, 240 (1961) 
* K. Takeda and K. Kotera, Chem. & Ind. 347 (1956); Pharm. Bull. 5, 234 (1957) 


248 


along with (— )-lycorane (II1). Reduction of anhydrocaranine in ethanol gave ee 
was als Mained b ydrogenation of anhydrolycorine (X). Based on these fini - 
tional structures of ycorane were established and the confi as ‘ 4 
was conhirmed 
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the hydrogen atoms linked to C,,, and C,,, could be eliminated quite readily by 
selenium oxide.* In order to obtain confirmatory evidence for the configuration of the 
B/C ring juncture in dihydrolycorine and to establish the stereochemistry of lycoranes, 
which had been derived from the former or related compounds, the author has carried 
out a series of reactions which is the subject of the present paper. 

Of the four possible stereoisomeric pairs of lycoranes, w hich contain three asym- 
metric centers, (—)x- and (—)f-lycorane were reported in the previous paper':* and 
shown to represent the skeleton of dihydrolycorine or z-dihydrocaranine and that of 
f-dihydrocaranine, respectively. Isomeric lycoranes have been obtained from a- 
dihydrocaranine (IV) or /-dihydrocaranine (VIII) by the following procedure. 

Hydrogenation of «-anhydrodihydrocaranine (V) with either Adams catalyst in 
acetic acid or palladium-carbon in ethanol gave a homogeneous oil which was 
convertible in good yield into its hydrochloride, C,,.H,gO,N*HCI, m.p. 256° (decomp), 
[x],, —15-0°. Although the melting point of this salt was very close to that of (—)a- 
lycorane hydrochloride, a mixed melting point and the infra-red spectra indicated 
clearly that they are not identical. The free base regenerated from its purified hydro- 
chloride was not crystalline and its optical rotation [x], —17:] and infra-red 
spectrum were distinctly different from those of (—)z-lycorane or (—)p-lycorane. It 
was certain, therefore, that with this compound the author had a new isomer of 
lycorane which was named (—)y-lycorane. The same lycorane was also obtained by 
hydrogenation of anhydrodihydrolycorine (VI) or anhydrocaranine (VII)° in acetic 
acid over Adams catalyst. 

Next, the author investigated the hydrogenation of }-anhydrodihydrocaranine 
which was prepared from /-dihydrocaranine (VIILL)® by the same method as used for 
the preparation of its x-Isomer and assigned the analogous structure (IX). Treatment 
of p-anhydrodihydrocaranine with hydrogen and palladium-—carbon in ethanol 
furnished an oil, [x],, +16-2°, which was convertible in good yield into its hydro- 
chloride, C,,H,,O,.N-HCl, m.p. 255-256° (decomp), The infra-red 
spectra of the free base as well as its hydrochloride were identical with those of (—)y- 
lycorane and its hydrochloride, respectively. Since the optical rotations of the 
corresponding derivatives were almost the same in value but opposite in direction, it 
was highly probable that this hydrogenation product, (-+)y-lycorane, was an enanti- 
omorph of (—)y-lycorane. As expected, a mixture of equivalent weights of (—)y- 
lycorane and (-}-)y-lycorane yielded a racemate, (+-)y-lycorane, m.p. 10] 102°, which 
showed no optical rotation. The same racemate was also obtained by hydrogenation 
of anhydrolycorine (X) in acidic or ethanol solution in the presence of Adams catalyst 
or palladium-—carbon at a temperature not higher than 60°. Furthermore, hydrogena- 
tion of anhydrocaranine and even caranine (X1)>-* itself with palladium—carbon in 
ethanol furnished (--)y-lycorane, albeit in a very small yield in the latter case. 

Since convincing evidence has been accumulated?.5.® that «- and /-dihydrocara- 
nine, 1V and VIII, have the same stereostructure except for the configuration of ring 
C/D juncture, which is cis in the former and trans in the latter compound, and the 
location of the double bond in «- and f-anhydrodihydrocaranine is evidently at 
C, — Cy» as shown in the Table 1, an essential feature of the hydrogenation of «- and 


2H. M. Fales. L. D. Giuffrida and W. C. Wildman, J. Amer. Chem. Soc. 78, 4145 (1956) 

4K. Takeda. K. Kotera, S. Mizukami and M. Kobayashi, Chem. Pharm. Bull. 8, 483 (1960). 

}K. Takeda. K. Kotera and S. Mizukami, J. Amer. Chem. Soc. 80, 2562 (1958) 

® E. W. Warnhoff and W. C. Wildman, Chem. & Ind. 348 (1956); J. Amer. Chem. Soc. 79, 2192 (1957). 
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TABLE 1. DATA OF ULTRA-VIOLET SPECTRA OF ANHYDRODIHYDROCARANINES 
AND RELATED COMPOUNDS 


Compound 


x-Anhydrodihydrocaranine (V)* 
Anhydrodihydrocaranine (1X) 
Anhydrocara e (VII) 
2-Meth xvanhvdrocaranine (X11) 
x-Dihyd iran olacetate 
9-Dehydro-14-isoestradiol-17/) (XIV) 
9-Dehvdro- 1 4-isoc trone (XV) 
8-Dehvdro-14-isoestrone (XVI) 


B-anhydrodihydrocaranine, V and LX, is the formation of a pair of enantiomorphic 


compounds from diastereoisomers. In order to accommodate the experimental results 
as mentioned above, a migration of the double bond in one or both of the anhydro- 
dihydrocaranines to the position between C,,, and Cy). followed by cis-addition of 
hydrogen atoms to the double bond from the back side of the ethylenic residue linked 
to ring C were necessary as shown in the following chart. 


’ L. F. Fieser and M. Fieser, Steroids p. 462. Reinhold, New York (1959). 


miu 
log 
4:17 266 
4-06 265 
4-08 266 
4-08 265 
4 25 264 
4-26 264 
4.3? 
al 
pa +)» yrane 
N 
E : ¥ xX 
N f 
‘ 
¥ 
" 
AV XV 


The stereochemistry of lycorane 


If the migration of the double bond in }-anhydrodihydrocaranines to the 
lib, 1lce-position as in A or B did n precede the hydrogenation, the resulting 
lycoranes obviously are not enantiomeric, since the asymmetric centre at C,,,. is in the 
same configuration while that at ¢ is enantiomeric in this pair of starting materials 

For the sake of convenience, the author would sume that the shift of the double 


} h 


bond took place in both anh ydrodihydrocaranines giving enantiomeric A and B, as 


intermediates. then it would be readily conceivable that saturation of the respective 
double bonds gave ri oO a pair of enantiomeri lycoranes, whatever the mode of 
addition of hydrogen atoms may be. As to this, it has been accepted generally that 
cis addition is predominanth involved in the catalytic hydrogenation at low tempera- 
tures. Since the conditions used by the author for the preparation of these lycoranes 
were at room temperature or at tem peratures n t higher than 60", it woul d be highly 
plausible that hvdrogen added cis to A and B either from the back side or from the 
front side of the ethylenic residue linked to ring C. Of these possibilities, the front side 
attack of hydrogen to A and B can be ruled out experimentally based on the fact that 
anhydrocaranine gave optically active (— )y-lycorane on hydrogenation in acetic acid. 
lhis reduction showed that no compound such as the product C or ¢ of double bond 
migration or de hydrogenation product X is an intermediate and, most important, 
that C,,, in (—)y-lycorane has the same configuration as In «- or /-dihydrocaranine or 


dihydrolycorine. Since hydrogenation of «-anl hydrodihydrocaranine leading to the 


same lycorane did not affect the configuration of C., which is the same as that of 
x-dihydrocaranine or dihydrolycorine, even if the double bond migration took place 
during the reduction procedure, the hydrogen atoms at C;, and C,,,. in (—)y-lycorane 
must have the same configuration as those in dihydrolycorine and are cis to each other. 
Accordingly it is clear that the hydrogen atoms 1s added to «-anhydrodihydrocaranine 
or to the intermediate A of double bond migration from the same «-side as that of ’ the 


hydrogen atom attached at C,, as in the case of anhydrocaranine. Since this must be 


N | N | EtOH N 
A XVI 
H 4 
. 
| > N 
N N | 
x XVI 
N N 
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the case in the rearrangement product B of //-anhydrodihydrocaranine, the hydrogen 
atoms at C,., C,,,, and C,,,. in y-lycoranes are most likely on the same side of ring ¢ 


Based on these discussions it was concluded that both nngs B/C and C/D are very 


probably cis-fused in »v-lycoranes 


Although the shift of the double bond mentioned above is prerequisite for the 


conversion of anhydrodihydrocaranine into (— )y-lycorane, it 1s not always neces- 
sary for the transformation of anhydrodihydrocaranine to ( — )y-lycoranc, since the 
CD rings are fused in both of the latter compounds. In the latter case, an assump- 
tion that hydrogen atoms directly attacked anhvydrodihydrocaranine from the rea! 
f th athwiles hain would h nt for nlaining the path The 
SiGe OF AAAI CLOYVIC side chain would © SUTITICIC Or explainin tne pain 
author considers, however, that z-anhydrodihydrocaranine was hydrogenated to give 
(—)y-lycorane through the intermediate A in ethanol solution over palladium-—carbon 
in an analogous manner as /-anhydrodihydrocaranine, while in acetic acid solution 
over Adams catalys t was directly reduced h inhydrocaranine without precedence 
os of any double bond shift Supporting this view anhydrodihydrocaranine was 
cataivurcall ac cid ence of Adams catalyst to ve two 
compounds which were separated by cl itography into { 3-lycorane and a new 
lvcorane. (—)-Lvcorane thus obtained was characterized as its hydrochloride which 
was identica ill respect ple of 9-lvcorane hydrochloride 
reported in the preceding paper.’ The other lycorane had m.p 5-] x] 48-0 
pay 
and was analysed correctly for C,.H,.O.N. Since this was not identical with any of 
the lvcorane isomers so far obtained, it was designated as (— )d-lycorane. If in this 
case the douDic ona Prachi LOOK ine nyarogenauon, one OF LAC 
products should be identical wit { } yooral 
Ihe formation of { -lycorane fro anhydrolycorine can be explained by 
assuming one-sided addition of hydrogen atoms to the aromatic ring C from eithet 
side of the ring. as considered highly probable in catalytic hydrogenation of benzenoid 
ring nd sditiane 
ings Under Mild Conailk 
N 
* 
ycorone 
> 
x N 


Analogously the conversion of anhydrocaranine into (+-)y-lycorane by hydro- 


: ’ genation in a neutral medium would be explainable by assuming an intermediate C or 


*R. P. Linstead, W. E. Doering, S. B. Davis, P. Levine and R. R. Whetstone, J. Amer. Chem. Soc. 64, 1985 
(1942) 
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C’ or through its dehydrogenation to anhydrolycorine, all of which lack any asym- 
metric centre and obviously give rise to racemic y-lycorane on one-sided addition of 
hydrogen atoms to the double bonds 

The formation of (--)y-lycorane in a very low yield from caranine would be inter- 
preted as a result of dehydration of a small portion of the base during the hydro- 
genation under the conditions used by the author, affording anhydrocaranine as an 


intermediate 
Verv recently Nakagawa and Uyeo® have established that the absolute configura- 


tion of the hydroxyl group ittached to C. of lycorine or dihydrolycorine is f-oriented. 
Since the ethylenic residue attached to ring C in dihydrolycorine is on the same side as 


that of this hydroxy! and its configuration was obviously retained in (— )y-lycorane as 


discussed above. the absolute configuration of (—)y- and (-+-)y-lycorane would be 


best represented by formulations XVIl and XVIII. respectively 


vat (—)v-lycorane was also derived from z-dihydrocaranine by 


an alternative route. «-Dihydrocaranone® (XX) which was obtainable from a-dihydro- 


let 


caranine by the modified Oppenauer oxidation was ! 


irst converted into its thioketal 


XXI in the usual manner and then subjected to desulphurization by heating with 


Ranev nickel. The resulting oil was found to be identical with (—)y-lycorane. This 
result Ww yuld be « xpl iuinable only by assuming that an epimerizauion had taken place 
completely al the hvdrogen atom attac! ed to (¢ it during the oxidation procedure to 
the ketone, as a result of keto-enol tautomerism especially in an alkaline solution 

Supporting this view, 2 dihydrocaranone showed only one spot (Rf 0-58) by paper 
chromatography using butanol—acetic acid—water (10 1:5) as a solvent system 


Furthermore. treatment of this with lithium aluminium hydride gave two isomeric 


compounds D and | ( Hi ON. wh cl nad Mm.p.s 110 11] and 150 15] respec- 
tates, C,.H,,O,N, m p.s 95-96 


tively ind were also characterized as the respective ace 


and 85-86 


These two compounds were also obtained by catalytic reduction of ¥-dihydro- 
caranone with Adams catalyst in acetic acid. On reduction with sodium in ethanol, 
on the other hand, the only isolatable product was cc mpound | Neither con pound 
D nor E was identical with z-dihydrocaranine which would be expected to occur in 
the reduction mixture, if the initial oxidation product of ¥-dihydrocaranine did not 


ion 


undergo any cpimeriza 
These results indicated that the ketone XX ts, 1n contrast to }-dihydrocaranone,' 


homogeneous and not an equilibrium mixture, and the reduction products are epimers 


only with respect to the asymmetric centre at ¢ The mode of reduction of the ketone 


and the fact that compound D was more easily eluted than compound E on chromato- 


grapny over alumina suggested that the configuration ol the hydroxy! group in com- 


ympound E equatorial. Compounds D and 


pound D is probably axial, while that in compound 
E were named, therefore, |-epi-y-dihydrocaranine and y-dihydrocaranine and assigned 
configurational structures XXII and XXIII, respectivel Conversion of 1l-epi-y- 


dihvdrocaranine into a lycorane was not successful, but the treatment of ; -dihydro- 
caranine with thionyl chloride gave a chloro-compound XXIV which afforded on 


catalytic reduction with Adams catalyst in ethanol, as expected, (— )y-lycorane 


With the configuration of (—)y- and (+ )y-lycorane established, the author can 
now deduce the stereochemistry of | and ( ))-lycorane. 


* Y. Nakagawa and S. Uyco, J. Chem. Soc. 3736 (1959) 
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n were 


encount ¥-anhydro- 
dihydrocarani: acetic acid solely 
(— )y-lycora der the similar condi- 
tions two hydroger ycoran¢ ))-lycorane, may be ex- 
plained by assuming that tl ydrogenation occur! *ntly on the «-face of the 
) seriou iding effect of the /-oriented axial ethylenic bond 


dihydrocaranine is nearly planar 
the double bond from both 


former compound due t 


attached to ring ¢ In contrast us, /-anhydr 
and neighbouring hydrogen atoms can therefore attack 


sides of the molecule, givi 
Ihe second problem is concerned with the configurational assignment of «- and 
p-dihydrocaranone. As to the stability of the B/C ring juctureinsuch a hydrophenanth- 
has 


ng a pair of epimeric dihydro-compounds 


ridine ring system containing an aromatic ring A, little is known so far. It 


HC 
4 
‘ 
4 | ret ¥ wo 
, 
7 
lt ners with 
‘ by Ill 
ha 
XLX f yf by] 
| DOS le 
lycora! somers d 
Finally. the author would lik to discuss briefly some problems whi a 
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recently been reported 10,11 however, that compounds XXV and XXVI having B/C cis 


ble than the B/C trans isomers or at least of similar stability due 


structures are more sta 
1-bonded interactions between C, and C,, and between C, and C,, 


to more scrious No! ondacc 


in the latter than in the former. If this ts also the case in a- and lihydrocaranone, 
the non-bonded interaction may have caused an epimerization of the hydrogen atom 
attached to ¢ int under the alkaline condition yf the (Jppenauer met! d giving rise 
predon nantly to compounds having B/¢ configuration, since the starting materials 
leading to these ketones had trans-fused B/C rings. Experimental results have indicated 
that x-dihvdrocaranone has cis-fused B/C rings, while the isomer 1s an equilibrium 


mixture consisting of epimers having B/C rings in cis and trans configuration 


In «-dihydrocaranone, the benzene ring can take up the stable equ itorial even 


after the epimerization at C,, took place to decrease the non-bonded interaction 
between C, and C,,, since ring C and D are cis-fused and ring conversions are free. 


The cis-trans equilibrium of the B/C ring juncture is therefore greatly in favour of the 


cis-form (XXVIII) and not the trans-form (X XVII). On the other hand, in /-dihydro- 


caranone, conversion of ring C is not possible, ring C and D being 1 ans-fused. If 


epimerization occurred in this, the benzene ring which was originally equatorial with 
respect to ring C will have to take up an axial position, the steric effect of which will 
unfavourably affect the epimerization at C,,), resulting in existence of a pair of 
epimers, XXIX and XXX, in equilibrium in solutions 

he last problem to be discussed is the infra-red spectra of four lycoranes, isolated 
Recently Bohlmann!? found that the frans-quinolizidine (XXXI]) 


by the author. 
showed characteristic bands in the 2700-2800 cm~ region which were lacking in the 


cis-quinolizidine (XXXII). This finding has been confirmed in a variety of alkaloids 


1° W. Johnson. I. David, H. Dehm, R. Height, E. Wannhoff, W. Wood, and E. Johnes, J. Amer. Chem. Soc. 
80, 661 (1958) 

11 J. Elks, J. E. Oughton and L. Stephenson, Proc. Chem. Soc. 6 (1959) 

12 F. Bohimann, Chem. Ber. 91, 2157 (1958); F. Bohlmann and C. Arndt, Jbid. 91, 2167 (1958); F Bohl- 
mann. W. Weise, D. Rahtz and C. Arndt, /bid. 91, 2176 (1958); F. Bohlmann, E. Winterfeldt and H. 


Brackel, /bid. 91, 2194 (1958). 
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and also applied to the other alkaloids for establishment of their stereochemistry. 
Since lycoranes have a pyrrocolidine ring system in the molecule in place of a quino- 
lizidine, it seemed to be interesting to examine whether Bohlmann’s rule is applicable 


to the steric structures of lycoranes proposed by the author, infra-red spectra of four 


lycoranes in carbon disulphide were compared with one another especially in the 2700 
2800 cm™' region. As shown in Fig. 1, it was found that both (— )p-lycorane (XXXVI) 
and (—)y-lycorane (XXXVII), having a trans-pyrrocolidine ring XXXIII, exhibited 
characteristic bands in the 2700-2800 cm™' region, but (— )d-lycorane (XXXVIID), 
having cis-pyrrocolidine XXX1Va or XXXIVb, did not show bands in the corre- 
sponding region. It appeared abnormal that (— )x-lycorane (XXXV) showed a band 


at 2783 cm™', since this should have a cis-pyrrocolidine ring in the molecule. 


EXPERIMENTAI 


caranine (V). Hydrogenation of «-anhydrodihydrocaranine (100 mg) 


Ada ilyst ng cet icid (7 mil) wa ymplet 2 hr after 0-9 equivalent of hydrogen 


ALIA 


| 


had been t t ydrogenation prod was chromatogra d on alumina (5 g), and pet 


ether eluat -lycorane (XVI, 65 mg) as an o1 hicl as dried in a vacuum to a constant 


weight 17-1° (c 0-25, ethanol). (Found: C, 74-90 44; N, 5:20. CygH)gO,N requires 


C, 74-68, H, 7-44; N, 


All m.p.s are uncorrected. Unless otherwise stated, tl tra-violet spectra were taken in 95°, ethanol 
using a Beckma Model DI spectrophotometer Alumina sed [or chromatograpt ¥y in this experiment 
was Merck's Reagent Grade standardized according e method of Brockmann. The infra-red absorp 


to th 
tion spectra were determined with a Perkin-Elmer Model 12C Single-beam Infra-red Spectrophotometer 


xxx 
XXX 
AAA 
(—)y-Lycorane (XVII) 
(a) From 2-anhydrodihyd 


rhe stereochemistry of lycorane—III 


il manner a! a { 


s also identical with 


that of (—)yv-lycorane (XVII). The hydrochlorid 2 lecomy \ | 


Dehydration of }-dihydrocaranine (Vil). To a cooled m ire of | sphorous oxychloride (1 g) 


and pyridine (3 ml) was added -dihydrocaranine (350 mg) in portions. After being kept in a refriger- 


that of XVII in m.p., mixed m.] nd infra-re« 


ator for 13 hr, the mixture was poured into ice to destroy the excess of phosphorous oxychloride, 


- c7 
r 
V 
y >- ly ¢ 
or OO rbon ilphide 
etha 290 70 F< d: H, 6°89 C,,H,,O.N-HCI requires 
C 65:39: H ¢ 4:77°) 
cc lycor XVII corane iIphide solution 
H yvaroc Ul ) if idjum 
‘ take p. The 
dr tract XVII) b | he infra-red 
also cal w that of (—)+-lyco ) 1 inf pectrul 
From a wanine (VII \ c acid (30 ml) 
wa j k hydro } pres fA 40 retic nts of 
was dis ¢ ter, filtered, | 10°, Na.Ct ext € enzene. The benzene 
extract shake H¢ queous ac e Wi 10 Na.CO, and 
intra-t pectri de § cora XVI1) ibove The 
hydrochlori m.p. 255-256 (decomp), was also ident m.p., mixed m.p. and infra-red spectrum 
with that of XVII 
(c) From anhydrodihyd corine (V1). A solution of anhydrodihydrolycorine (20 mg) in acetic X 
acid (1 ml) was shaken in hydrogen in the presence « Adams catalyst (2 mg). Hydrogenation was 
complete in 5 hr after 1 mole of hydrogen was absorbex I hydrogenation duct was worked up 
in th | 4 me) bt wh nfra-red spectrum was identical with 
entical 
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basified with 10°. Na.CO, and extracted with ether. Concentration of the dried extract afforded 
nine (1X, 205 mg) which was dissolved in pet ether and passed through a 


ocara 


crude anhyadr 
column of alumina (10 g). 2:1 Pet ether—benzer | was crystallized from pet ether to give prisms 
155-3 (¢ 0-13, ethane 2 312 mu (log 4:20, 3-85). (Found 

N, 5-48") 


(130 mg), m.p [a] 
N, 5-32. C,H O,N requires ( 


Hydro renation of p-anhydrodinydrocaranim (1X) in h palladium carbon 


illadium—carbon (100 mg) in ethanol 


d ev iporation of the fil- 


A mixture of J-anhvdrodihydrocaranine (100 mg) and | pe 
(15 ml) took 
3:1 Pet ether 


(XVI1). The Aydrochloride had 


OWN: 


benzene eluate gave ( )y’-/ycorane (XVIII) (47 mg), (c O 
The infra-red spectrus lentical with that of ne 
m.p. 25 (decomp) and 13-3° (c 0-64, ethanol). (Found: C, 65-11; H, 7°09; N, 4°55 ; 
requires: C, 65-41; H, 6°86; N, 4 
An aqueous so ru chiorid +405 pot ) corane (XVIba hat (3-411 me) 
1 of )’-lycorane (XVIII is b t Na,CO extrac | er. ¢ 
H 
| \ ( 
‘ 
4 
VII 
{ 
NoOH 
\ ) } the 
> 
Hydrogenati hydroe e (VID ” rb 
tix of a vdroca ct Nake nvaroyr n the presenee 
i of 10°, palladium charcoal (250 mg) at 40-45 After approximately | mole equiv. of hydrogen 
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had been taken up, the reduction stopped in 22 hr. The mixture was worked up in the usual manner 


and there was obtained (+ )7-lycorane (70 mg), m p. 101-102 


Hydrogenation of caranine (X\) in ethanol with palladium—carbon 

4 solution of caranine (300 mg) in ethanol (20 ml) was stirred under hydrogen in the presence of 
10°, palladium-on-charcoal (300 mg). The reduction stopped in 14 hr after approximately | mole of 
The catalyst was removed by filtration and the ethanol was evaporated 


hydrogen had been absorbed 
The residue was dissolved in benzene and chromatogr iphed on alumina (20 g). The first eluate with 


th 4:1 benzene-ether afforded £-dihydro- 


benzene gave (+ )v-ly e (11 mg). Further el 


caranine (VIII, 145 mg), prisms from ethyl acetate, m p. 164-168", identical in m p., mixed m.p. and 


nira-red spec m 


12g), prisms from ethy! 


: ° Further elution with 1:1 benzene-ether gave lihydrocaranine (1V, 30 1 
acetatc p. andi 169-170 
Vi f Oppenauer j j j 1\ 
Wildman. A « b fferent 
: | I I Duty! 
NaC by : 
( f no) 
14 0 2900 
( ¢ 
) 
| 
vs 
\ i ] 
et! NaOH 
NaQH 
) sive 
Fe ( H ‘ ( HO ONS ( ? H. 
D XXI) 
(40 mg) which was converted » its hydrochl le. Cry ition from water e needles (20 mg), 
: * The j [ ndebted to Dr. W. C. Wilds of the National Heart Institute, Bethesda, Md. for an 
Organic Synthesis, 21, 15 (1945 
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und (XXIV) with Adam 


‘ 
a 4 solution of a chloro-compound (20 mg) in etha (3 mi) was shaker hydrogen for 3 hr. 
oo Hydrogen uptake ed. for 1 Hy: 1°52 After 1 f the catalyst the ethanol was 
ced press and the 1 ed w H¢ tered. basified ; 
with Na,CO pet ethe I xtract eval ss and the 
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NATURAL FURAN DERIVATIVES—VII 


THE PRESENCE OF A SEVEN-MEMBERED a2.s-UNSATURATED 
LACTONE IN OBACUNONI 


KAMIKAWA and | K UROTA 


Abstract— Onxidat 


an ring and 
of 


obacuno furan ring 


Oxidation of obacu } )witl assiun manganate in a mixture (9:1) of acetone 


and water aflords three neutral tances: a glycol (II), C.,.H..O,. a hydroxy 


dilactone* (IIT), ¢ nd lila n hese substances 


‘ 4 


show bsorptions 


show 


(no absory 


lead tetra-acet: ry mpt ne equivalent of the 


oxidant lactone of obacunone 


had beet idized | a vicinal gl ler Oxidatio he glycol (11) with 
eives 


hydroxy-dilactone (IIl) forms a monoacetat 10 absorption of hydroxy! 
group in its infra-red spectrum) and a mono-2.4-din tropheny! hydrazone. Alkaline 
hydrolysis of III results in consumption of two equivalen ilkali and 


acidification 
of the hydrolysate generates Il]. Presence of one hydroxyl. two six-membered 
lactones, and one carbonyl in the hydroxy-dilactone is borne out, besides the above 
experimental results, by the presence ol absorptions at 2-98, 5-73 and 5-80 uw 
infra-red spectrum 

The dilactone (1V) consumes two equivalents of alkali in alkaline hydrolysis and is 
recovered on acidification of its hydrolysate. The infra-red spectrum of IV with 
absorptions at 5-67, 5-77 and 5-87 uw indicates the presence of a newly formed y- 


lactone, 0-lactone originally present in obacunone, and a ketone. This ketone has a 


* This substance was designated to “substance A™ in Part VI 
' Part VI rT. Kubota, T. Matsuura, T. Kamikawa and T. Tokoroyama, Tetrahedron Letters No. 8, 1 
(1960) 
* T. Tokoroyama, T. Kamikawa and T. Kubota, Bull. Chem. Soc. Japan 34, 131 (1961) 
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Institute of Polytechnics, Osaka University 
Minan Kitaku, Osaka, Jana 
( Received 12 On fober 1960 
on of oba th pota n permanganate afforded three neutral substances 
H,.O act c, 4 H,.O 1 a dilactone, 
C,,H,,O-. Obac crized t bac these experimental r ts 
and irom var is Te ct acid, the presem seve membered nsaturated 
sysien la DAC c was dicated 
In Part V of this series.* it was shown that three double bonds, in the fur 
a2.f-unsaturated lactone, are present in obacunon The unsaturat 
eee Of a furan ring at 3-20 and 11-44 uw tn their infra-red spectra and 
Gam that they all retain the furan ring 
a Treatment of the glycol (11) with acetic anhydride and pyridine affords a diacetate 
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poor reactivity and does not form an oxime or a semicarbazone under conditions 


identical with that used for obacunonc 


The «.f-unsaturated lactone in obacunone undergoes irreversible fission of the 


ring by the action of alkali and forms obacunoic acid (V).2° This acid (V) somewhat 
resists permanganate oxidation but oxidation under drastic condition affords the 


foregoing dilactone (1V). Obacunoic acid has an absorption maximum at 210 mu 


(¢ 11,600) in its ultra-violet spectrum As indicated in Table |, this absorption ts an 


overlapped maxima of the furan ring and «.f-unsaturated carboxylic acid The 


ibsorption maximum of 210 my suggests that obacunoic acid Is a monosubstituted 
ul saturated acid." 

Che hydroxyl group in obacunoic acid resists oxidation with chromium trioxide 
under various conditions and is therefore co! sidered to be tertiary By heating 
obacunoic acid with acetic anhydride and sodium acetate, Kaku and Li® obtained an 


154-156°. and Emerson? isolated an acid of m.p 145 The latter acid 


from its analvtical values to be acetyl-obacunoic acid Re-examination 


acid of m.p 


was recognized 


of this reaction afforded an acid (V1) of m.p. 154 155°. an isomer of obacunoic acid, 
and was named iso-obacunoic acid. Infra-red spectrum of 1so-obacunolc acid lacks 
the absorption of a double bond conjugated with the carboxyl at 6°16 mw, present in 
obacunoic acid. and that of hydroxyl. Its ultra-violet spectrum indicates only the 


absorption of a furan ring ( Table 1) 

Iso-obacunoic acid is also obtained by hydrolysis of the amorphous methyl ester 
obtained by application of diazomethane to obacunoic acid or its methyl ester fora 
long period of time It is also obtained by long heating of obacunone o1 obacunoic 
acid with alkali 

The oxidative degradation of obacunone and formation of iso-obacunoic acid can 
be explained, as shown below, by considering the presence oO! a seven-membered 
unsaturated lactone grouping (la) in obacunone (1). Partial structures Ha, Ila, 1Va, 
Va. and Vla will therefore be given respectively for the glycol (11), hydroxy-dilactone 
(111). dilactone (IV), obacunoic acid (V), and iso-obacunoic acid (VI) 

The presence of a seven-membered «,f-unsaturated lactone (la) 1s also supported 
from various reactions of etio-obacunoic acid* (VII), C, ,H,,O,, obtained by degrada- 
tion of the furan ring in obacunone Oxidation of methyl etio-obacunoate* (VIII) 
with potassium permanganate In boiling acetone affords oxalic acid and a dilactone 


* Reaction of obacunone with alkali will be reported in a forthcoming pape! 
lr. Kaku and P. Li, J. Pharm. So Japan 55, 1153 (1935) 
70, 545 (1948); 73, 2621 (1951) 


‘©. L. Emerson. J. Amer. Chem. Soc 
F. M. Dean and T. A. Geissman, J. Org. Chem 23, 596 (1958) 

A. T. Nielsen, J. Org. Chem. 22, 1539 (1957) 

W. Cocker, B. E. Cross, 5 R. Duff, J. T Edward and T t Holley, J. Chem. Sou 2540 (1953) 


* T. Tokoroyama, J. Chem. Soc. Japan 79, 316 (1958) 
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CH._N 
Dimethyl! isoetio-obacunone-dicarboxylate (XIII) 


C,,H,,0, 


OH lsoetio-obacunone-dicarboxylic acid (XIV) 
C,,H,,O 


b 
0 
‘ 
ester (IX), C,.H..O,. as th oducts. Infra spectrum of LX shows absorp 
Ons a iC ester) he ster (IX) was identic - 
W the dilacton ter oDtained Dy methylatior { dilactone acid (X), C,,H..O 
KMnO 
> Hvydrox tone (Ii) 
be 
) 
> 
N LOA A 
ls ba Dilact acid (X) 
H 
CH.N 
Te) 
JOH 
Dilactone-ester (1X) 
> ( H. O COOH 
KMnO 
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C HH. oO 
CH.N 
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C HO 


Natural furan derivatives—VII 265 
which was formed by ozonolysis of the dilactone (IV). This indicates the presence of 
la grouping in etio-obacunoic acid (VII) and [Va grouping in the dilactone ester (1X). 
Etio-obacunone-dicarboxylic acid (X1),* C,,H,,0,, obtained by mild alkaline 
hvdrolvsis of etio-obacunoic acid, and its dimethyl ester (XII), when allowed to stand 
with diazomethane er a long period time, form a dimethyl ester (XII1]), C,.H,,O,, 
named dimethyl isoetio-obacunone-dicarboxylate, which no longer exhibits infra-red 
absorptions of a hydroxyl group and of double bond conjugated to carboxyl group and 
can be hydrolysed to isoetio-obacunone-dicarboxylic acid (XIV), C..H»,O,. This 
Via grouping in isoetio-obacunone-dicarboxylic acid (XIV), 
The glycol (11) recovered on alkaline hydrolysis followed by acidification of its 
hydrolysate. This abnormal reaction in rich the seven-membered saturated lactone 
ring undergoes reversible ring yn is rather interesting. Such stability of this lactone 
ring. in spite of the irreversible fission of saturated seven-membered lactone ring in 
icinal 

XPERIMENTAI 

sodium 
sulp nd porated der reduced pressure. The residue (1-3 g) was dissolved in chloroform and 


Glycol (AW). Recrystallizations of the insoluble part (B) from acetone—water gave prisms (1 2 g), 


m.p. 233° (dec I.R. spectrum (Nujol) 2-91 and 2-97 (hydroxyl), 3-18 : 
C, 61°61: H, 687. Calc. for C.gHg2O,,H,O: C, 61-65; H, 


ketone), 11°44 w« (furan). (Found 


(furan), 5 (lactones and 


6 ) On titration th lead tetra-acetate ar iodic acid, the glycol consumed respectively 0-9 


and 0-8—1-0 mole of the reagent 


H ydroxy-dilactone (111). The precipitates (C) were recrystallized from methanol-ether as silky 


needles, m.p. 289 291° (dec) From the mother liquor separated dimorphic plates, m.p 289-291 


(dec). which could be converted to the original needles on recrystallization from methanol-ether 


~ 


IR spectrum (nujol) 8 (hydroxyl), 5-73 (shoulder; lactones), 5-80 (ketone), 11°44 m4 (furan). 
Saponification equivalent 


for C,,;H,,O,.: C, 65°49; H, 6°60 ) 


223. Calc. for two lactones: 229. (Found: C, 65-73; H, 6°61. Calc. 


* Behaviour of the lactone ring in compounds with saturated seven-membered lactone derived from 


obacunone will be discussed in the following paper 


C, 6 i 
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Diacetate of the glycol (Al) 

The glycol was acetylated with acetic anhydride and pyridine at room temp overnight. Recrystal- 
lization of the product from ethanol gave prisms, m.p 247-248" (dec). I.R. spectrum (Nujol): 3-18 
(furan). 5-77 (acetoxyls and lactones), 5-88 (ketone), 11-44 « (furan). Acetyl number: | 87. (Found 
C. 63-02: H, 687. Calc. for C,,H C, 62°91; H, 6°34°%,.) The diacetate gave the parent glycol 


(11) on alkaline hydrolysis followed by acidification 


+ 
2.4-Dinitrophenyvihydrazine of the hydroxy-di lactone (111) 


The 2.4-dinitrophenyilhydrazone prepared in the usual manner, was recrystallized from a mixture 


of ethyl acetate. ethanol and water as yellow needles, m.p. 294 (dec). (Found: C, 58-14; H, y » 


N, 8-87. Calc. for C,,H,,0,,N,: C, 58:29; H, 5:25; N, 


VMonoacetate the hydrox actone (111) 
The dilac ‘ is acetylated th acetic a dride and pyridine at r ym temp ernight 
Recrystal f the produc Ace prisms pn. 304-305 (dec). I.R. spectrum 


Nujol): 5-73 (acetoxy d lact +33 (Ketone Acetyl 1 ber: 0-97. (I d: 6484; H, 
6°40. Calc. for ¢ H,.O C, 64-7 H, 6°44 I he cetate gave the parent hydroxy-dilactone 
111) on alkaline hydr sis f wed by lificat 
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I rread ne (SU is added powdered potas per- 
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as des hed vid id lex the 3 fractio chloro- 


frac \) ed and ! jue (247 c ed thi taining 
silica ge } I ec iss vas recrysta ed 
from acetone-—water as ical 10 mg), m.p. 282-284 lec). pure and mixed with dilactone (IV) 
fra-red f ed t \ 
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Ace < I.R cc N vd- 
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6°16 (c igated double b 1), 11°45 furan) 210 11,600) 
Vet/ 

Methyl obacu te was prepared by a *ht modifi f the method of Kaku and I Excess 
of dia inc.s iter the acd be re 1 iti ler red iced p 
by decomposition with the addition of acetic acid, in order t btain the methyl ester in high yield 
Recrystallization from ethar gave plates, n 175-17 1.R. spectrum (nujol): (%-lactone), 


5-84 (ketone and = unsaturated ester), 617 « (conjugated double bond) 


| 
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Calc. for ¢ 
J 
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Iso-obacunoic acid (V1) 

(a) Obacunoic acid (1 g) and anhydrous sodium acetate (1 g) was refluxed in acetic anhydride 
(30 ml) for 1 hr, according to the method of Kaku and Li*. After cooling the mixture was poured into 
ice-water and allowed to stand overnight. The viscous material solidified on scatching was filtered 
and treated with benzene. The benzene insoluble solid was filtered and recrystallized from chloro- 
form—benzene as fine needles (400 mg), m.p. 155-157°. IR. spectrum (Nujol): 3-18 (furan), 3-6-4-0 
(carboxylic acid), 5-77 (d-lactone), 5-84 (carboxylic acid), 5°89 (ketone) 210 my (e 6,600). 
Saponification equivalent: 241. Calc for monobasic acid lactone: 236. (Found: C, 65-86; H, 
6°78. Calc. for C.,H;.0,: C, 66°08; H, 6°8%.) 

(b) Obacunoic acid dissolved in acetone was mixed with an ether solution of a large excess of 
diazomethane, and the mixture allowed to stand for 2 days. Evaporation of the solvent left an amor- 
The amorphous methyl ester was hydrolysed with 1 N NaOH 


phous solid which failed to crystallize 
on the water-bath. Acidification with dil HCI gave a solid which recrystallized from chloroform—ben- 


zene as fine needles, m.p. 150 152°, pure and mixed with an authentic sample of iso-obacunoic acid 


Permanganate oxidation of obacunoic acid (V) 


To a solution of obacunoic acid (2 g) in acetone (100 ml), was added in portions under refluxing 


powdered potassium permanganate (4 g) fter refluxing for 1 hr the mixture was cooled and acidi- 


fied with dil HCl, and manganese dioxide decomposed with sulphur dioxide. The clear solution was 


evaporated under reduced press and the crystals separated were filtered and treated with chloroform 


Recrystallization of the chloroform-insoluble crystals from acetone—water gave needles (1:1 g), m.p 
The chloroform-soluble part 


197-198", pure and mixed with an authent ample « acunoic acid 


was evaporated and the residue rec 


1 
YStalliz m acetone—water as leaflets (97 mg), m p. 2/8-2/9 


(dec), pure and mixed h an authentic sample of dilactone (IV). The infra-red spectrum was 


dentical with tha lilactone (IV) 


added t 


to stand atl 


' 
acetone (12 ml) was 


ly 
ull 


mixture was diluted W 


(270 me) 


water to give obacunoi 


Ozonolysis of the 
Ov7oniz 

(70 mi) 
After 


residue The 


dil HCI and tract with ether vaporation of the ether 


solution lactone-i gas agum id not nm this stag ad 


bicarbon 
iactone- 


The 


acid (X) was dissolved acetone and 
ne-ester (IX) was I.R 
trum (Nujol): 5°68 | ton 5 yne and ester) d l 62-60 


Cale. for ¢ 


1 methy 


lysed with 1 N KOH below 80 for I Acidification with | N HC! 


tallization from acetone—water gave the dilactone-acid as needles, 


separated crystals which on recrystalli 
bubbled at 158°, then solidified and melted at 267-268". I.R. spectrum (Nujol): 5:72-5:77, 5°84, 


§-89 uw. (Found: C, 61-22; H, 648. Calc. for C,,H,O,}H,O: C, 60°72; H, 6°55”,.) 


This methyl ester was hyd 


267 
{ttempted oxidation of the hydroxyl group of obacunoic acid : 
3 (a) With chromium trioxide-pyridine 4 solution of wcunoic acid (1 g) in pyridine (20 ml) was 
a BEE © a mixture of chromium trioxide (0°6 g) In pyridine ¢) below 20°, and the mixture allowed : 
n temp rnight } tion mixtur with wat (S50 ml) and extracted 
with chloroforn The cl ri layer wa washed Wi dil H¢ i vith water, dried and 
evaporated. Recrystalliza yf the residue from ano ive needles (439 ), p. 204-206 (dec), 
pure and mixed an authentic sample of obacunoic acid. The infra-red spectrum was identical with 
that of obacunoic acid 
(b) With chromium trioxide—acetone—sulphuric mn Dacunoic acid (250 Mg) 
RN: added 1-38 ml of chromium trioxide solution, prepared from chromium trioxide 
cid (0-3 ml) and water (9-7 n der ice ng. After 4 hr standing, the 
th water. Resulting precipitates were filtered and recrystallized [rom acetone 
es acid (200 mg), m.p. 206-207 
dilactone (1V) 
yen was passed through a solutior f the dilactone (1-5 g) in methylene chioride : 
: nder ice-cooling. The opaque ution was poured to a large volume o! water! ‘ 
‘ Cae 9 +} narrated dr nnrated The 
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assumed in the «-position of the carbonyl group in the six-membered lactone of 
The conversion of III to 


obacunone and nomilin which undergoes hydrogenolvsis 
IV was explained by assuming the following partial structural formulae.* 


xVdilactone (IX) 
it 214 mu 


Ihe difference curve lactone (V) (/ 


6140) shows absorption maximum at 


ultra-violet absorption spectrum agrees well with 


na unsaturated lactone 


/, 1298 (1957) Also see T. Tokoroyama, J. Chem. So 


Tokorovan 


319 (1958) 
Tokoroyama, T. Kamikawa an Kubota, Bull. Chem. Soc Japan 34, 131 (1961). 


: 
[he dilactone' (V), C,,H,.O,, one of the permanganate oxidation products of : 
a obacunone, retains the furan 1g and six-membered lactone present in obacunon 
: and possesses a five-membered lactone ring newly formed by oxidation of the unsatu- Tole 
rated, seven-membered cton Catalytic reductio i V results in saturation of the 
‘ 
é 
carbox c acid (VII ( | () | nec Vil 9 and ) ind its 
octa Cl ) i] prese I I } 10! 
to the ember yb: and V) | pnartia 
Structure 1S aiso supported y i WwW DA Vall ilcs an iinkas 
position of the carboxyl group) of etio-obacunoic acid’ (VILL), obtained by degrad 
tion Of the furan ring in oda 
[Treatment of tl i] ctone (V) wilh hvdriodic cid des 
( H wh SE ultra-vi spectrum snow Hheorntior ma 
12.300). 
203 my, 218 7200). This nature of 
. that of the ultra-violet spectra of 
I rese [formulae § gest that oDacunom VO i be represcente DY the formula it Dear ind Cec lat 
stated that the double bond Ill may be part of t furar f 
double bond 1 the dilactone (V) ire oniy two the luran ring 
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limonin (X) and desoxy-limonin® (XI), formed by treatment of limonin with hydriodic 
acid. Formulae X and XI have been given for limonin and desoxy-limonin by Arigoni 
and others.’ and it is concluded that an «,f-epoxy-d-lactone group adjacent to the 
furan ring, as indicated by the formula V, 1s present in the dilactone 


Methvl hydrogen octahydro-obacunon! 
obacunone (1) followed by treatment wit 
unoate (XII) 


which re 


acid (XV) 


during 

avi 

hydrolysis in 

(XIV) can be recrystallized f1 
formation of X\ 

cursors, A and B, probably suffers hydr« 

catalytic action of the carboxyl group (marked *) idity. Naturally, 


compounds (for example, XIV) which do not have such a strong acid group in their 


rolysis or methanolysis to give XV and 


molecule undergo irreversible ring fission by alkaline hydrolysis 


* There is an exc sible ring-fis 
CygH 20,4, one of the products of permangat 
¢T. A. Geissman and V. Tulagin, Org. Che 
7D. Arigoni, D. H. R Barton, E. J. Corey, O 
A. Melera. S. K. Pradhan, K. Schaffner, 5. Sternhell, 


41 (1960). 
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Experientia 16, 


SSM | 
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me ino 5 a » Oo a DY Catalytic 
: This substance (II) is now formulated as 
This fact can be as hy« roge f the six-membered lactone 
42 
due to activation v the furan ring in the first ¢ e, bi the latter 11 ive ition 
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reaquci OL u C Cu 
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hydroxyl g in the unsaturated, seven- 


membered lactone in obacunone was assumed from the resistance of obacunoic acid 


to oxidation by chromium trioxide.’ The methyl ester (XVII) of dihydroctio-obacu- 


none-dicarboxylic acid (XV) is not acetylated by treatment with acetic anhydride and 
pyridine at room temperature but is easily dehydrated by treatment with acetic 


anhydride and potassium hydrogen sulphate or with phosphoryl chloride and pyridine 


H. 
HO OH WU 
CH 
‘ 
“OOH 
H 
¥ 
> 
: CH CH 
XV xix 
[he tertiary nature of the masked 
tertiary nature the mas 
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to form an anhydro-compound (XVIII), C,;H;,0s, which shows absorption of 
terminal methylene at 11-23 y in its infra-red spectrum and forms formaldehyde and a 
norketone (XIX), C.,H3.O 9. by ozonolysis.* The norketone is positive to the iodo- 
form reaction, indicating that a methyl ketone group had newly been formed. From 


these experimental results, it may be concluded that the masked hydroxyl group in the 


unsaturated, seven-membered lactone in obacunone is tertiary and is bonded to 


iso-propyl group 
There are no experimental evidences to show that the two lactone rings in oba- 


cunone are directly bonded through common carbon atoms (cl formula Ib), as 
It seems more appropriate to assumed, therefore, 


L 


assumed by Dean and Geissman.* 
that the two lactone groups are present separately in the obacunone molecule, as 


indicated in the formula | 


Lithium aluminiun 
dehydrogenation of 
naphthalene Thi 
present 
Id as the plausib 
from the structure 
none 
From the experiment: ine late, partial structure of le ts presented 


for obacunone 


iron Let 
{cta 40, 1420 (1957 
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4 
} 
In H.O 
H.O 
Acetic acid 4-59 
Ob iL no d { 
Acid (VII) 1-90 
Methyl hydrogen octahydro- 
Ib no ite (11) 4-46 2-9 
Hexahydr nic acid 2:7 
Etioobac vic acid (VIII 1-00 
erroneou inaiyt or 
®*T. Kubota, T. Kamikawa, T. Tokoroyama and T. Matsuura . 8, 1 (1960) 
A. Melera, K. Schaffner, D. Arigoni and O. Jeger, Chim ). 
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J. W. Powe. and M. C. Wuitinc: The decomposition of sulphonylhydrazone 


salts: mechanism and stereochen h vrolysis of the diazodecalins 
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TABLE 1. Pr 


1961, Vol. 12, p. 278. Pergamon Press, Inc. P jin N nl 

Re GE top line of Table 1, on p. 169 of the above article, were 

he table should read 

i 

Decalone 
Methane- 
Reagent 
sulphonyl- 
hydrazone 
\ »< 7< 
d 
( 27 73 
A 5] 19 
a +5 52 
\ 14 2¢ 
> 
° 18 
NR 
\ 38 OD 
G 15 
NR is N.NH.SO,.CH N N 
Reagent A 1-3 N solutio " < it 
Reagent G 1-3 N solution of sodiu etnyi« givco t 
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